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Electron micrographs of eight viruses all to the same scale: (1) Bacteriophage ; 
(2) Vaccine virus; (3) Shope papilloma virus; (4) Influenza virus, Lee strain; (5) 
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X-virus (latent mosaic of potatoes). (Knight, C. A., 1947, Nucleoproteins and virus 


activity. Cold Spring Harbor Symposium on Quantitative Biology, 12, 115-121. Also 
W. M. Stanley.) 
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Preface 








There is need for a book on viral and 
rickettsial infections of which 
medical students and practicing physicians 
may turn for information. Knowledge con- 
cerning these infections has developed so 
rapidly during the past two decades that 
any book written during that time would 
have been out of date before publication. 
Furthermore, ideas about infectious agents 
responsible for these diseases were in such 
a state of flux that any book written by 
a number of authors would have confused 
those not actively working with them. 
Within the past few years there has been 
considerable stabilization of knowledge and 
ideas, and it is now time that these be 
brought together in such a way that inter- 
ested people not actively engaged in the 
study of viral and rickettsial infections may 
have easy access to them. Bacterial and 
mycotic infections of man are discussed in 
a companion volume edited by Dr. René 
J. Dubos. 

It would be impossible for one person to 
write authoritatively about all of the dis- 
eases and their causal agents discussed in 
this book. Consequently, experts in the 
different fields have been chosen to partici- 
pate in a co-operative venture. At first, it 
seemed not unlikely that there might be 
many different opinions recorded by the 
various authors, but this has not occurred, 


man to 


indicating that much of the information 
presented is basic and will not have to be 
altered. 

Viruses and rickettsiae are obligate para- 
sites and multiply only in susceptible cells 
of a living host or in living cells in tissue 
cultures, In view of this, much of the book 
naturally has to deal with clinical and 
pathologic pictures induced by these active 
agents in natural and experimental hosts. 
To give a complete picture of viral and 
rickettsial infections for medical students 
and physicians, sections on epidemiology 
and control measures are included in each 
chapter. 

To publish a book of this nature costs a 
ereat deal, and without subsidy it would be 
available to only a limited number of peo- 
ple. The National Foundation for Infantile 
Paralysis has provided financial aid for 
the preparation and the publication of the 
volume so that its price should not be a 
factor limiting the number of people who 
read it. 

The editor has had splendid co-operation 
from all of the contributors and from The 
National Foundation for Infantile Par- 
alysis, for which he expresses deepest appre- 
ciation, 

Tuomas M. Rivers, M.D. 
Hospital of The Rockefeller Institute 


for Medical Research 
New York 
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General Aspects of Viral and 
Rickettsial Infections 


For many centuries contagious diseases 
have been recognized, and infection was 
long an obvious phenomenon before the 
causes of contagion or infection were known. 
Then came the discovery of protozoa and 
bacteria, although considerable work had 
to be done over a period of many years with 
these tiny animals and plants before it was 
realized that they had anything to do with 
contagion and infection. The flowering of 
such works ushered in the microbiologic era 
in infectious diseases —when it was firmly 
established that these maladies are caused 
by bacteria, fungi, and protozoa. 

Long before the microbiologic era in in- 
fectious diseases, a method of preventing 
one infectious malady had been devised 
and its usefulness thoroughly established, 
namely, vaccination against smallpox, When 
it was shown that micro-organisms cause 
disease, investigators attempted to find a 
bacterium or a protozoan parasite respon- 
sible for smallpox. In fact, many different 
kinds of micro-organism were described as 
the etiologic agent of this malady, but no 
agreement was reached regarding any of 
them. In 1898, the filterable-virus era was 
vigorously initiated by the rediscovery that 
tobacco mosaic is caused by an agent 
capable of passing through earthenware 


filters impervious to ordinary _ bacteria. 
Shortly following this, numerous etiologic 
agents, including those of smallpox and 
vaccinia, were shown to pass such filters and 
to be so small that it was impossible or very 
difficult to see them by means of ordinary 
microscopes. Some years later, rickettsiae 
were discovered, which along with viruses 
constitute the two groups of agents dis- 
cussed in this book. Most rickettsiae do not 
pass through bacteria-tight filters, and they 
have been generally accepted as living 
micro-organisms capable of multiplication 
only in susceptible host cells; in view of 
this, relatively little will be said about them 
in this chapter, 


NATURE OF VIRUSES AND 
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Thus, in addition to protozoa, bacteria, 
and fungi, two groups of infectious agents 
now known and spoken of as rickettsiae 
and viruses were recognized, As soon as the 
latter group was discovered, lengthy dis- 
cussions arose regarding the nature of its 
members and the character of diseases pro- 
duced by them. These discussions are still 
in progress, but fortunately much of the 
mystery and misunderstanding about vi- 
ruses is gradually being dissipated, because 


2 GENERAL 


within recent years a great deal of infor- 
mation has been obtained concerning these 
peculiar incitants of disease. This informa- 
tion has to do with their size, shape, density, 
autonomous existence, origin, reproduction, 
metabolic activity, reaction to chemical and 
physical agents, chemical constitution, anti- 
genic qualities, transmission from host to 
host, and so forth. 

The size of a virus may be determined 
by filtration, centrifugation, diffusion, and 
direct mensuration under a light microscope 
provided the virus is sufficiently large, or, 
if the virus is smaller, by means of an 
electron microscope. Of the methods men- 
tioned, diffusion is the least and microscopy 
the most accurate. The size of practically 
every virus has been estimated in one or 
more ways, and, from available evidence, it 
is obvious that among viruses there is no uni- 
formity in so far as size is concerned (Fron- 
tispiece). Some, e.g., the virus of foot-and- 
mouth disease which has a diameter of 
12 mu, are exceedingly small, indeed smaller 
than the largest protein molecules; while 
others, e.g., the virus of lymphogranuloma 
venereum which has a diameter of from 300 
to 400 mu, are relatively large, in fact 
larger than the smallest bacteria. In be- 
tween these two limits, other viruses form 
an almost continuous spectrum with re- 
spect to size, Size alone indicates that some 
viruses can be complex entities, while others 
must of necessity lack such complexity. 

Among viruses there is also no uniformity 
whatsoever regarding shape (Frontispiece). 
Some are spherical; others are ovoid; 
others are cubes or minute parallelepipeds ; 
still others are tadpole-shaped ; and, finally, 
some are rod-shaped. 

The density of water is 1.0, while that 
of protein molecules is approximately 1.33. 
The density of tissue cells and bacteria lies 
between these figures, that of the latter 
being in the neighborhood of 1.10. The 
density of only a few viruses has been esti- 
mated. Stanley (1938a) reported that the 
density of tobacco-mosaic virus is 13 de 
cording to Elford and Andrewes (1936), 
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the density of vaccine virus is 1.18; accord- 
ing to Wyckoff (1937-38), the density of 
staphylococcus bacteriophage is approxi- 
mately 1.20; according to Lauffer and 
Stanley (1944), the density of influenza 
virus is 1.1; and, finally, the results of work 
by Tang et al. (1937) and Schlesinger and 
Galloway (1937) indicate that some viruses, 
in addition to tobacco-mosaic virus, may 
have a density similar to that of protein 
molecules, There is need for additional data 
and confirmation of those already obtained, 
because, in order to determine the size of 
virus particles by means of centrifugation, 
it is essential to know their density as well 
as their shape. Consequently, some of the 
figures already obtained by centrifugation 
for the size of viruses may have to be 
changed to comply with new information 
regarding the density and shape of the 
active agents. 

In order to learn more about the nature 
of viruses, their composition and certain of 
their activities, they must be obtained in a 
pure or relatively pure state. Unfortunately, 
this has not been accomplished in many 
instances. The outstanding exception is the 
work of Stanley and his associates on plant 
viruses. In 1935, from the sap of infected 
plants, Stanley (1935) isolated a crystalline 
protein with the properties of tobacco- 
mosaic virus. Stanley’s observation that a 
specific, disease-producing, crystalline pro- 
tein can be obtained from infected plants 
has been abundantly confirmed by Bawden 
and Pirie (1937a, b) and others. Improved 
technics for the isolation and purification 
of this virus have been devised, the best 
being differential centrifugation. Following 
Stanley’s discovery of tobacco-mosaic-virus 
protein, Bawden and Pirie pointed out that 
the active material is not an ordinary pro- 
tein but a nucleoprotein, and other active, 
plant-virus proteins have been isolated and 
studied. 

Since Stanley’s original work many in- 
vestigators have attempted to purify all 
sorts of virus and study their chemical 
composition. These efforts resulted in a 
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number of papers appearing in the litera- 
ture concerning the chemical properties of 
purified viruses, and the idea got abroad 
that all viruses are nothing more than 
macromolecules of nucleoprotein; unfortu- 
nately, such an idea is still held by many. 
In most instances, the so-called purified 
virus preparations were not shown to con- 
sist of viruses alone; in fact, because of 
inherent difficulties in making accurate 
titrations, at least 50 and up to 90 per cent 
of some of them may have consisted of 
impurities. This being the case, statements 
concerning the chemical composition of 
many viruses are inaccurate and misleading. 

The work of Knight (1946a, b) on in- 
fluenza virus indicated that part of purified 
virus preparations consisted of material de- 
rived from the host. For instance, if the 
purified virus was obtained from mouse 
lungs or from embryonated hens’ eggs, a 
substantial part of it, as determined by 
serologic and chemical tests, was of mouse 
or chick-embryo origin, respectively. Some 
workers interpret these results to mean that 
part of the virus particle itself is serologi- 
cally active host material, while others are 
inclined to consider them as evidence of 
impurities in the viral preparations. The 
latter viewpoint becomes more likely in the 
light of recent work of Curnen, Pickels and 
Horsfall (1947) and Curnen and Horsfall 
(1947) on pneumonia virus of mice (PVM) 
in which it was shown that the original 
figure of 140 mu for the diameter of the 
virus was grossly wrong, because it repre- 
sented only the minimal diameter of a 
combination consisting of virus bound to 
particles of mouse-lung tissues. They were 
able to liberate the virus from mouse-lung 
particles ; in the free state it had a diameter 
of 40 mu. From these findings it is obvious 
how easily one might be mistaken when one 
speaks of working with a purified virus. 

In addition to the plant viruses that have 
been crystallized, only a few others have 
been obtained in a sufficiently pure state 
for accurate chemical analysis. One of the 
best examples of a highly purified animal 


virus is that of vaccinia, Workers in Rivers’ 
laboratory (see chapter on Vaccinia) have 
been able to secure quantities of elementary 
bodies of vaccinia sufficiently pure to make 
results of their studies reasonably accurate. 
These results indicate that the bodies are 
cuboidal structures with several areas of 
condensation within them; they have a 
limiting membrane; they are composed of 
lipids, carbohydrate, thymonucleic acid, 
several serologically distinct proteins, cop- 
per, biotin, and riboflavin; and they possess 
no respiratory, metabolic or reproductive 
activities in the absence of living, suscep- 
tible host cells. This is good evidence that 
at least one animal virus is a complex struc- 
ture quite different in composition from 
certain plant viruses, e.g., tobacco-mosaic 
virus, which consist only of nucleoprotein, 

In spite of occasional statements to the 
contrary, no virus has been cultivated or 
induced to increase in amount in the ab- 
sence of living, susceptible cells. Whatever 
the nature of reproduction of viruses may 
be, it is now generally believed that it goes 
on within infected cells. Why are living cells 
essential for the multiplication of viruses? 
When one is asked such a question, one gets 
the impression that the interrogator believes 
that intracellular multiplication of infec- 
tious agents is something peculiar. However, 
obligate, intracellular parasitism is a well- 
known phenomenon, even though its mecha- 
nism or reasons for its existence may not be 
fully understood. In any event, it is assumed 
that the host cell is the only place where an 
obligate parasite finds conditions suitable 
for growth or multiplication. Many workers 
are of the opinion that viruses do not pos- 
sess enzyme systems and metabolic proc- 
esses essential for growth or multiplication 
and that host cells supply all or part of 
them. The word parasite to some investi- 
gators implies that the agent is alive; there 
is no reason except usage for this limitation. 
If some of the viruses are not living agents 
but fabrications of their host cells, these 
cells are still essential for their multiplica- 
tion, even though the process by which the 
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fabrication is brought about is not known. 
It has become fashionable to speak of the 
mutation of viruses. Whether or not it is 
correct to speak of changes arising in a 
nucleoprotein molecule as mutations, re- 
mains for geneticists to determine. In any 
event, it is known that certain things hap- 
pen to tobacco-mosaic-virus particles which 
give rise to changes in the picture of dis- 
ease in plants. Moreover, once a modified 
disease appears, it persists indefinitely, Of 
considerable significance is the fact that 
strains of tobacco-mosaic virus have been 
found to differ in protein composition 
(Chap. 2). Workers interested in bacterio- 
phage (see chapter on Bacteriophages) 
have no hesitancy in speaking of genetics 
in relation to these active agents. In fact, 
it is thought that some of the large bac- 
terial viruses have at least 50 genes. Regard- 
less of what name is applied to the phenom- 
enon, many interesting alterations of viruses 
have been observed to occur under natural 
and experimental conditions, For example, 
the 17D strain of yellow fever virus is quite 
different in many respects from its parent 
strain, and after many years still breeds 
true (see chapter on Yellow Fever), Passing 
dengue virus through mice has resulted in 
an agent which can be used for vaccination 
of human beings (see chapter on Dengue). 
Outstanding experiments along these lines 
are those of Berry and Dedrick (1936) in 
which fibroma virus was transformed into 
myxoma virus by a procedure similar to 
that employed by Griffith in transforming 
one type of pneumococcus into another. 
Many investigators consider the phenom- 
ena just mentioned as evidence prejudicial 
to the idea that viruses are inanimate. 
Whether or not this is the correct attitude 
to assume remains to be determined. 
When one looks at the evidence concern- 
ing rickettsiae, one cannot avoid the con- 
clusion that they are minute, highly para- 
sitic micro-organisms. On the other hand, 
when one reviews the evidence concerning 
viruses, one immediately is impressed by 
their striking heterogeneity. Elementary 
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bodies of the psittacosis-lymphogranuloma- 
trachoma group are almost as large as 
rickettsiae and are probably as complex; 
most workers think they are living agents. 
Then come the elementary bodies of the 
pock diseases. They are slightly smaller 
than the group of agents just mentioned 
and are very complex; many workers look 
upon them as living agents. At the other end 
of the spectrum, crystalline plant viruses 
consisting of nucleoproteins are found. 
Between the elementary bodies and crystal- 
line plant-virus proteins there are many 
viruses varying widely in size and com- 
plexity. Many arguments have occurred 
concerning whether or not the small viruses, 
particularly the crystalline ones, are living. 
Some contend that they are not and only 
represent fabrications of their host cells 
through processes of autocatalysis. Others 
look upon them as entities in the twilight 
zone between the living and nonliving. The 
answer to this question is not available at 
the moment and is not essential for the 
purposes of this book. In view of what has 
been said, it is difficult, if not impossible, 
to give a concise definition of a virus. 
Nevertheless, those who work with viruses 
concede that they differ in certain respects 
from rickettsiae and bacteria. Perhaps the 
best short definition of viruses is that they 
constitute a hetrogeneous group of infec- 
tious agents which are smaller than ordi- 
nary bacteria and require susceptible host 
cells for multiplication and activity. 

Facts are essential for scientific purposes, 
but even scientists at times wish to go 
beyond facts and delve into metaphysics. 
Metaphysics in relation to viruses has to do 
with their origin and nature. Immediately 
it can be said that proof of the origin of 
any virus is lacking, but there has been 
abundant speculation about the matter. No 
attempt will be made to set forth all views: 
only the two most popular ones will be 
mentioned, 

Green (1935), speaking of the nature of 
hlterable viruses, stated that “they are the 
smallest units showing the reproductive 
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property considered typical of life.” In 
regard to their origin he discussed the fol- 
lowing possibilities : 


First, they may be surviving parasitic forms 
developing from free-living ultramicrobes 
formerly inhabiting the earth and now extinct. 
Secondly, they may be parasitic forms of life 
developing by retrograde evolution from 
visible microbes similar to the visible forms 
now existent. The assumption of a present or 
past world of free-living ultramicrobes is pure 
conjecture, with no single fact to substantiate 
the assumption. A theory of microbic origin of 
filterable viruses by retrograde evolution from 
visible microbes naturally follows our knowl- 
edge of evolution in the visible world. 


Sir Patrick Laidlaw (1938), in his Rede 
Lecture, set forth his conception of the 
nature and origin of viruses, which in all 
respects is similar to that of Green, and 
stated that viruses “live a borrowed life, 
truly the supreme summit of parasitism.” 

Stanley (1935), in his first paper on 
crystalline tobacco-mosaic virus, stated that 
the agent “is regarded as an autocatalytic 
protein which, for the present, may be 
assumed to require the presence of living 
cells for multiplication.” Later, Stanley 
(1938a), in speaking of having called it an 
autocatalyst, said: 


Although this is technically incorrect in that 
the reaction is very probably not that of true 
autocatalysis, the term was used because the 
net result is somewhat similar to that of an 
autocatalytic reaction. However, the mecha- 
nism by means of which a molecule in a 
specific living cell is able to cause the produc- 
tion of identical or similar molecules is un- 
known. It may be similar to the mechanism 
which the geneticists postulate for the produc- 
tion of genes. 


Again, Stanley (1938b) remarked: 


We are forced to conclude, therefore, that, 
although tobacco mosaic virus protein has the 
ordinary properties of molecules, it also has the 
ability to reproduce and to mutate, properties 
not ordinarily ascribed to molecules, and hence 
that tobacco mosaic virus protein represents 
an entity unfamiliar to us. 


From the practical standpoint of infec- 
tious diseases and their spread in a popula- 


tion, it is not absolutely essential to be fully 
aware of the origin and nature of viruses, 
for in many respects they operate in a 
manner similar to that of other infectious 
agents, e.g., bacteria and protozoa. 


PATHOLOGY 


Since it is now generally believed that all 
viruses multiply or are reduplicated within 
susceptible cells instead of in the fluids sur- 
rounding them, it is not surprising that 
certain pathologic pictures are more or less 
characteristic of viral diseases. Intracellular 
changes, e.g., inclusion bodies and balloon- 
ing degeneration, resulting from an intimate 
virus-cell relationship, were among the first 
to be noticed. Although they were the first 
to be emphasized, they are not necessarily 
the only or the most important ones. 

Many, but by no means all, viruses induce 
inclusions in their host cells. Some viral 
inclusions are found only in the cytoplasm 
and others only in the nucleus, while a few 
occur in both the nucleus and cytoplasm. 
For example, Guarnieri bodies of vaccinia, 
Bollinger bodies of fowl-pox, and Negri 
bodies of rabies are found only in the cyto- 
plasm; the inclusion bodies of herpes sim- 
plex and chickenpox occur only in nuclei; 
and the inclusions of smallpox and para- 
vaccinia are situated in both the nucleus 
and cytoplasm, Not only does the location 
of inclusion bodies vary, but their composi- 
tion and staining reactions may be quite 
diverse. A Bollinger body consists of a 
lipoid membrane derived from the host cell 
and filled with elementary or Borrel bodies 
embedded in a matrix. Guarnieri bodies 
consist of altered host-cell material in which 
are embedded many but not all the ele- 
mentary or Paschen bodies within the cell. 
An intranuclear inclusion is usually an 
acidophilic mass occupying most of the 
nuclear area and is surrounded by a clear 
zone or halo; the basophilic chromatin of 
the nucleus marginates on the nuclear mem- 
brane. The nature of intranuclear inclusions 
is not well known, nor is there evidence that 
virus is present in nuclei so affected. How- 
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ever, there is no reason why a virus can- 
not invade a nucleus and multiply there, 
because rickettsiae of Rocky Mountain 
spotted fever have a predilection for nuclei 
of host cells, while those of typhus fever 
are found only in the cytoplasm. 

At one time, inclusion bodies were of 
great importance in viral work and were 
used for diagnostic purposes. Negri bodies 
are still important for this reason, but most 
of the others have become less significant, 
because more accurate methods of making 
diagnoses and identifying viruses have been 
developed. Although the interest of pathol- 
ogists has largely centered around the study 
of inclusions, some workers have either 
ignored the existence of such structures or 
held that they are of no special significance. 
Moreover, these workers have contended 
that the pathology of viral diseases is not 
essentially different from that observed in 
inflammatory processes produced by _ bac- 
teria. The fact that inflammation occurs in 
many viral diseases cannot be denied, and, 
despite the acute nature of some of them, 
if secondary bacterial infections do not 
intervene, the inflammatory process is usu- 
ally characterized by the infiltration of 
mononuclear cells. The question whether 
inflammation is a primary or a secondary 
phenomenon has in many instances led to 
lengthy discussions. For example, some pa- 
thologists have looked upon the primary 
changes caused by the virus of smallpox as 
noninflammatory and considered them nec- 
robiotic or diphtheroid. According to them, 
the inflammatory reaction appears as a 
secondary phenomenon, On the contrary, 
other workers have regarded the variolous 
changes in the skin from their inception as 
the expression only of an acute inflamma- 
tory process, 

It is often impossible, because of the 
complexity of tissues involved, to ascertain 
the nature of primary changes induced by 
the activity of viruses. On the other hand, 
in some diseases and under certain condi- 
tions in others, information concerning this 
question may be obtained. For instance, in 
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vaccinal lesions of a rabbit’s cornea, definite 
and characteristic changes are observed in 
the epithelial cells before any evidence 
of inflammation in the form of cellular 
exudate is seen. Moreover, lesions of mol- 
luscum contagiosum are confined to the 
epidermis and little or no inflammatory 
reaction is observed in the corium. Kligler 
et al. (1929) observed that young fowl-pox 
lesions induced by the bite of infected 
mosquitoes showed only hyperplasia of epi- 
thelial cells) many of which contained 
Bollinger bodies; in other words, there was 
no evidence of an inflammatory reaction in 
young lesions. Furthermore, Goodpasture 
(1925) found that the first evidence of 
injury caused by rabies virus is observed 
“within ganglion cells, not in surrounding 
tissues,’ and that “the cells may undergo 
complete necrosis without cellular or other 
exudate about them.” Finally, Rivers 
(1933-34) demonstrated that Purkinje cells 
in monkeys with louping-ill are lysed or 
completely destroyed before definite evi- 
dence of inflammation appears. 

If inflammation is a secondary phenom- 
enon in viral diseases, what then are the 
primary changes produced in cells by the 
active agents? They are either proliferative 
or degenerative; both types of changes are 
usually seen and it is difficult at times to 
determine definitely which appears first. 
The relation of degeneration to prolifera- 
tion in tissues infected with vaccine virus 
can be observed in the cornea of a rabbit. 
Within 3 to 6 hours after the cornea is 
inoculated, changes are seen in the immedi- 
ate. vicinity of the area infected; the epi- 
thelial cells are larger and stain less in- 
tensely than usual, and mitotic figures and 
amitotic giant cells begin to appear. Within 
6 to 24 hours after infection, Guarnieri 
bodies are found in affected cells, Small 
nodules are observed on the surface of the 
cornea 24 to 48 hours after inoculation, and 
examination of the nodules reveals, in addi- 
tion to hypertrophy of individual cells, a 
definite hyperplasia or increase in the num- 
ber of cells. Evidences of degeneration and 
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inflammation do not appear until about 48 
hours after inoculation, The picture just 
described illustrates the sequence of patho- 
logic changes which occur in a number of 
viral diseases. However, in certain viral 
maladies not all of the phenomena men- 
tioned are observed, or some of them play 
a negligible role. For instance, in Rous’ 
sarcoma and in Shope’s papilloma, hyper- 
plasia or overgrowth of tissue is the pre- 
dominant change noted; multiplication or 
activity of the viruses in some manner 
stimulates the host cells to such an extent 
that formation of tumors results. As the 
cells divide, virus goes along with each 
daughter cell. Thus, the stimulation is not 
interrupted, and the tumors continue to 
grow more or less indefinitely. This takes 
place even in the presence of development 
of immunity in the animals, for it has been 
shown by several investigators (Rivers 
et al., 1929; Andrewes, 1928; Rivers and 
Pearce, 1925) that virus situated within 
cells is not affected by humoral antibodies. 
In other viral diseases, infected cells are 
incapable of multiplication, e.g., nerve cells 
or neurons, Consequently, in rabies, polio- 
myelitis, and louping-ill, hyperplasia is 
absent; the first evidence of infection is 
necrobiosis or lysis of infected cells, In still 
other viral maladies, e.g., Rift Valley fever, 
yellow fever, and foot-and-mouth disease, 
the active agents produce their effects so 
rapidly that there is insufficient time for 
hyperplasia to occur, or, if it does, it plays 
a minor role in the picture. 

For a long time, it has been recognized 
that degeneration and hyperplasia occur in 
viral diseases. Indeed, Philibert (1924) di- 
vided some of these diseases into cytolytic 
and cytokinetic groups. Rivers (1928) 
pointed out that hyperplasia alone, hyper- 
plasia followed by necrosis, and necrosis 
alone are the primary pathologic changes 
in all viral maladies. Since then, several 
workers have arranged viral diseases ac- 
cording to the amount of hyperplasia and 
necrosis present in each. In such an arrange- 
ment Shope’s papilloma and Rous’ sarcoma 


are at one end of a spectrum, while at the 
other end appear louping-ill, foot-and- 
mouth disease, and Rift Valley fever. 
Observations concerning hyperplasia and 
necrosis as they occur in virus diseases may 
be summarized briefly as follows, 

If action of a virus is not extremely 
rapid and explosive, and if susceptible cells 
are capable of multiplication, the primary 
effect of the active agent is stimulation 
leading to cellular hyperplasia, Following 
the hyperplasia there is usually destruction 
or necrosis of the cells, which in turn is 
attended or followed by a secondary inflam- 
mation representing a reaction of the neigh- 
boring tissues and of the host. The balance 
between the stimulative and destructive 
tendencies of a virus determines whether 
hyperplasia or necrosis is the predominant 
part of the pathologic picture. If the action 
of a virus is explosive or rapid, or if the 
susceptible cells are incapable of division 
and multiplication, then the primary patho- 
logic changes are necrobiosis and lysis of 
cells. 

Many years ago workers attempted to 
find evidence that viruses produce toxins. 
At that time quantities of viruses could not 
be obtained in a sufficiently pure state to 
determine whether or not toxins are asso- 
ciated with them, Then came a period when 
most workers believed that all effects of 
viruses and rickettsiae result from their 
multiplication and activity within infected 
cells, Recently, however, it has been shown 
that large quantities of purified influenza 
virus, certain viruses of the psittacosis- 
lymphogranuloma group and some rickett- 
siae, when injected into experimental ani- 
mals, produce illness and death so rapidly 
that one can hardly escape the conclusion 
that these effects are due to toxic prop- 
erties: all evidence points to the fact that 
the toxicity cannot be separated from the 
viral particles. As yet, the role that these 
toxic properties play in the clinical and 
pathologic pictures of naturally acquired 
viral and rickettsial diseases is not known 
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(see chapters on Influenza, Psittacosis- 
Lymphogranuloma Group, and Rickettsiae). 


IMMUNITY 


The basic principles of immunology and 
serology are operative in all fields of biol- 
ogy. Consequently, one should not be sur- 
prised to find familiar immunologic and 
serologic phenomena associated with viral 
and rickettsial diseases as well as with 
other infectious maladies. From a historical 
point of view it is interesting to call atten- 
tion to the fact that one attack of a disease 
frequently results in protection against 
other attacks of the same disease, a fact 
probably first noted in connection with 
smallpox and measles, Immunity is relative, 
and the term indicates either complete 
resistance or different grades of partial re- 
sistance to infection or to the effects of 
infection in case it is established. As with 
other infectious diseases, there are recog- 
nized in connection with viral and rickett- 
sial maladies three kinds of immunity, 
namely, natural, actively acquired and pas- 
sively acquired. 

Natural immunity is the state of resist- 
ance to infection not dependent upon a 
previous, spontaneous or experimental con- 
tact with infectious agents or their anti- 
bodies. It is known that this type of im- 
munity to viral diseases, as well as to other 
kinds of infectious maladies, is in some 
manner not infrequently dependent upon 
the species, age, sex, state of nutrition, and 
genetic background of the host as well as 
upon climatic conditions, 

Some viral maladies, e.g., rabies and vac- 
cinia, attack many kinds of host: others 
are highly species specific, for instance, 
Virus III infection of rabbits, infectious 
papilloma (Shope) of rabbits, and salivary- 
gland disease of guinea pigs. In addition to 
species specificity, there is in certain in- 
stances a marked cellular specificity, Some 
viruses, e.g., those of herpes simplex and 
vaccinia, attack cells arising from all three 
embryonal layers, Others are more specific, 
e.g., rabies virus and poliomyelitis virus 


are highly neurotropic, and molluscum con- 
tagiosum virus attacks only epidermal cells. 
Others are still more specific, requiring 
certain kinds of epithelial cells, e.g., the 
virus of Shope’s papilloma produces lesions 
in epidermal cells but not in epithelial cells 
of the buccal mucosa, while another wart 
virus of rabbits will produce lesions in epi- 
thelial cells of the buccal mucosa but not 
in epidermal cells. 

Age, sex, climate and genetic background 
undoubtedly in many instances influence 
susceptibility to infection. However, it is 
not always easy to assess the importance 
of these factors. For example, females and 
young people may seem to escape certain 
diseases because of fundamental differences 
due to age and sex; yet they are fully sus- 
ceptible and escape for lack of exposure to 
infection. The same is true of climate; cer- 
tain diseases are prevalent in the tropics 
merely because their vectors are found only 
there. Genetics play a réle in viral infec- 
tions, but it is not always possible to detect 
it in diseases so highly infectious as measles 
and smallpox. On the other hand, it may be 
possible to detect it in maladies such as 
paralytic poliomyelitis (Aycock, 1934), 
which is seen in relatively few people, and 
in certain experimental diseases (Webster, 
1933a, b; Webster and Clow, 1936a; 
Holmes, 1937). From the results of Web- 
ster’s experimental work in mice, it was 
not possible to relate susceptibility and 
resistance to viral infections with one or 
more specific genes, even though through 
selective inbreeding virus-susceptible and 
virus-resistant animals were obtained. 
Holmes, however, in his work on tobacco 
mosaic in pepper plants was more fortu- 
nate, for he found a correlation. 

It is well known that excellent health is 
no protection against measles, influenza, 
chickenpox and smallpox. Furthermore, it 
is a definite impression of many people 
working with viruses that unhealthy ani- 
mals are either more resistant or react less 
severely to certain viral maladies than do 
perfectly normal animals, Indeed. as long 
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ago as the time of Jenner and Willan 
there was talk of and reports regarding 
certain individuals being less susceptible to 
vaccinia because of the presence in them 
of other diseases. These observations were 
taken to indicate that as a result of some 
previous or concomitant disease individuals 
were not so highly susceptible to other 
kinds of disease as they would have been 
had they been perfectly healthy, In Rivers’ 
(1939) laboratory it has been a common 
observation that unhealthy or malnourished 
rabbits show less reaction to vaccine virus 
and exhibit a lower titer with the active 
agent than do perfectly healthy animals. 
Moreover, in recent years several groups of 
workers have shown that undernourished or 
malnourished mice are less susceptible than 
normal animals to certain encephalitis vi- 
ruses. Observations of such a nature fur- 
ther emphasize the intimate type of para- 
sitism observed in viral diseases, which has 
evolved from long association of the active 
agents with host cells, resulting in their use, 
for ecologic reasons, of entirely normal cells 
for their multiplication and activity. 

For a number of years, it has been known 
that the inoculation of plants with some 
viruses created within them resistance to 
infection with certain other viruses. More 
recently, observations of a similar character 
have been made with viral diseases of bac- 
teria and animals. Neurotropic yellow fever 
virus inoculated intramuscularly in monkeys 
produces little or no obvious disease, while 
certain strains of viscerotropic yellow fever 
virus are usually 100 per cent fatal. Hoskins 
(1935) showed that an injection of neuro- 
tropic virus protects a monkey against in- 
fection with a viscerotropic strain; the 
inoculations of the neurotropic virus may 
be made shortly prior to, simultaneously 
with, or 20 hours subsequent to the injec- 
tions of a viscerotropic strain. It is agreed 
that this phenomenon is not dependent 
upon the immunizing effect of the neuro- 
tropic virus. Somewhat similar observations 
have been made when different strains of 
herpes-simplex virus were used to infect 


rabbits. In the examples just cited, excep- 
tion might be taken to the fact that the 
two strains of each virus used were immuno- 
logically identical or similar, However, from 
the results of the experiments of Findlay 
and MacCallum (1937) with Rift Valley 
fever and yellow fever, it is evident that 
a specifically acquired immunity was not 
responsible for the protection noted and 
that the protection lasted only a short time. 
The happenings just described are spoken 
of as examples of the “interference phe- 
nomenon.” A number of examples are now 
known (see chapters on Influenza and 
Bacteriophages). Recently Horsfall and 
McCarty (1947) have shown that various 
bacteria or polysaccharides derived from 
these bacteria interfere with the multiplica- 
tion of pneumonia virus of mice (PVM). 
Here the interference takes place not be- 
tween two viruses but between a bacterium 
or its polysaccharide and a virus. Although 
the interference phenomenon is now well 
known, it clearly does not occur with all 
combinations of viruses and its mechanism 
is not fully understood. Several explana- 
tions have been offered but need not be 
gone into in detail at this time other than 
to state that the phenomenon is perhaps 
just another expression of the “supreme 
summit” of parasitism so beautifully ex- 
hibited in the intimate association of viruses 
with their host cells. 

Active immunity is the state of resistance 
to infection engendered by a spontaneous 
attack of an infectious disease, by the ex- 
perimental or intentional production of the 
disease or a modified form of it, or by the 
injection of a vaccine. At present there is 
no reason to believe that the definition 
of active immunity should be modified to 
meet observations in the viral field. It is a 
well-known fact that recovery from a viral 
infection is usually followed by an enduring 
immunity. In many instances, the immunity 
is operative during the remainder of a 
person’s life. There are exceptions to the 
rule: common colds and herpes, for ex- 
ample, recur frequently in the same indi- 
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vidual, and it is usual for a person to have 
more than one attack of influenza. The 
persistence of immunity in hosts recovered 
from some viral diseases is so striking that 
it is not surprising that an explanation of 
the phenomenon has been sought. Further- 
more, if it is a rule to encounter lasting im- 
munity following viral diseases, one would 
like to know the reason for exceptions. 

In the case of poliomyelitis and measles, 
the viruses of which are encountered fre- 
quently throughout life, one might explain 
the persistent immunity and the continuous 
presence of humoral antibodies on the basis 
of repeated contacts with the active agents. 
On the other hand, it is impossible to 
explain in such a manner the enduring 
immunity to yellow fever which is accom- 
panied by the presence of humoral anti- 
bodies in persons who, following an attack 
of the disease, have not for periods of 50 or 
even 75 years been in areas where the 
malady is endemic or epidemic. In view of 
the facts just mentioned and since it is 
known that a refractory state to some bac- 
terial and spirochetal diseases is associated 
with the persistence of these agents in 
hosts, it has been suggested by a number of 
workers that, at least in certain instances, 
the protracted immunity following viral dis- 
eases is due to a prolonged or persistent 
sojourn of viruses in hosts. Such persistence 
of viruses in hosts would not necessarily 
lead to numerous persons capable of spread- 
ing disease, because the active agents might 
well be situated in parts of the body not 
readily in communication with the outside 
world. Sufficient instances in which viruses 
have been recovered from immune hosts 
have been recorded to show that it is not 
an unusual occurrence. For example, it has 
been noted in the salivary-gland disease of 
guinea pigs, psittacosis, infectious anemia 
of horses, lymphocytic choriomeningitis of 
mice, and certain viral diseases of plants. 
It is not unlikely that in some instances 
there is a causal relation between the per- 
sistence of a virus and enduring immunity, 
Moreover, it must be remembered that 
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failure to recover a virus from an immune 
host is not positive evidence that it is not 
present. These agents are intracellularly 
located, and as long as they remain so 
situated are in no danger of being elimi- 
nated from the body. If they do not kill 
host cells, they can multiply and pass into 
daughter host cells whenever cellular divi- 
sion takes place without coming in contact 
with or being subjected to the activities of 
humoral antibodies. In this manner it is 
possible for them to remain indefinitely in 
an immune host, and such is undoubtedly 
what happens in a number of viral diseases, 
e.g., virus tumors of chickens and rabbits. 

It is not known why permanent immunity 
is not developed to common colds, influenza, 
herpes simplex, and certain other viral dis- 
eases. It is interesting to speculate, how- 
ever. Such viruses may be unable to estab- 
lish themselves permanently in a host; if 
they do, they may periodically, for unknown 
reasons, become active as is the case with 
the virus of herpes simplex, or the super- 
ficial nature of the infections caused by 
them may have something to do with the 
poor development of immunity. 

Active immunity can be obtained by the 
introduction of fully virulent viruses 
through unnatural portals of entry; vario- 
lation is an example. The use of fully 
virulent viruses for immunization has not 
been popular, however, because of the at- 
tendant dangers to persons receiving them 
and in view of the fact that in certain in- 
stances intentional inoculation of a virus for 
protection of an individual might result in 
widespread epidemics, Consequently, at- 
tempts have been made to find or produce 
modified viruses without the objectionable 
features just mentioned but still possessing 
properties essential for the production of 
immunity against naturally acquired dis- 
eases. Success has attended some of these 
attempts, e.g., those directed toward the 
production of attenuated viruses for protec- 
tion against rabies, yellow fever, dengue 
fever and cattle plague, 


For a long time, it was considered diffi- 
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cult or impossible to produce an effective 
immunity against viral diseases by means 
of completely inactivated viruses. This view 
is still correct about certain maladies, e.g., 
yellow fever, smallpox, and dengue fever. 
On the other hand, it has been shown that 
an effective immunity against some diseases 
can be obtained by properly inactivated 
viruses or rickettsiae given in sufficient 
quantities, e.g., western equine encephalitis, 
rabies, influenza, Rocky Mountain spotted 
fever, and typhus fever. It must be remem- 
bered that immunity obtained in this man- 
ner is not lasting. In most cases, vaccina- 
tion with inactive viruses must be repeated 
relatively frequently, at approximately 
yearly intervals, if serviceable immunity 
needs to be maintained, The reason for this 
is not known. On the other hand, one can 
speculate. If the natural disease, e.g., in- 
fluenza, does not produce persistent im- 
munity, one would not expect enduring 
protection from a vaccine consisting of 
inactive virus. If enduring immunity when 
it occurs results from persistent, latent 
infection, such an infection could not be 
established by a vaccine consisting of in- 
active virus, and immunity obtained in this 
way might be expected to be evanescent. 

Associated in most instances, but not all, 
with the development of active immunity 
against viruses is the appearance of humoral 
antibodies in the sera of immune persons. 
Sternberg (1896) in 1892 demonstrated that 
the serum of an animal recovered from 
vaccinia possesses the property of neutraliz- 
ing the activity of the causative virus. 
Freyer (1904) was the first definitely to 
demonstrate that flocculation occurs in a 
mixture of vaccinia-immune serum and vac- 
cine virus. Jobling (1906) demonstrated 
that complement is fixed in the presence of 
a mixture of vaccine virus and sera from 
calves convalescent from vaccinia. Paschen 
(1913) reported that elementary bodies of 
vaccinia are specifically agglutinated by 
vaccinia-immune serum. Thus, very early in 
the viral era, neutralizing antibodies, pre- 
cipitins, agglutinins, and complement-fixing 


antibodies were demonstrated in the sera of 
animals convalescent from at least one viral 
disease, Later, when several serologically 
different proteins were found in vaccine 
virus, it was shown that there are pre- 
cipitating and complement-fixing antibodies 
specific for them. Over the years, serologic 
tests for the identification of viruses and 
diagnosis of diseases caused by them have 
been developed so that now such tests have 
replaced the old cumbersome ones involving 
animal inoculation and cross-immunity re- 
actions (see chapter on Serologic Reac- 
tions). Antibodies that fix complement and 
are active in the precipitin and agglutina- 
tion reactions are likely to be the same, 
merely exhibiting their activity in different 
ways when they cause agglutination, com- 
plement fixation, and precipitation, There is 
reason to believe that neutralizing anti- 
bodies, at least in certain instances, are 
different from the others, In cases that this 
is true, they are responsible for protection. 

Neutralization is a striking phenomenon 
and has long been known, but there is still 
considerable discussion about how it is ac- 
complished, At one time, it was believed 
that the immune serum in the mixtures 
“killed” the virus, hence the antibodies were 
spoken of as being virucidal. But the results 
of the work of several investigators have 
revealed that some viruses in so-called neu- 
tral mixtures can be induced to become 
active again under certain conditions, e@.g., 
after dilution or centrifugation of the mix- 
tures. In other words, if a neutral mixture 
of vaccine virus and vaccinia-immune serum 
is diluted 100 to 1,000 times, active virus 
can be demonstrated upon inoculation of 
small amounts of the diluted material into 
susceptible animals; or if, after a neutral 
mixture is centrifuged and the supernatant 
fluid is discarded, the sediment is resus- 
pended in physiologic salt solution, active 
virus is demonstrable. In most instances, 
while no firm union takes place immedi- 
ately upon preparing the mixtures men- 
tioned, one does occur eventually and at 
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this time active virus cannot be recovered 
by dilution or centrifugation. 

At the moment most workers agree that 
what has just been said is true; but, grant- 
ing that it is, one is still left without a satis- 
factory explanation of why mixtures of 
virus and immune serum immediately after 
preparation are neutral or incapable of pro- 
ducing lesions. Indeed, certain virus-serum 
mixtures are neutral when injected into the 
skin but are not inactive when inoculated 
into the brain or testicles. In other words, 
the neutrality or inactivity of a virus-serum 
mixture is conditioned by the organ in 
which it is tested. Various explanations of 
the phenomenon mentioned have been 
offered. One is that the serum in neutral 
mixtures acts upon the cells of the host 
rather than upon the virus and thus prevents 
the development of lesions. Another is that 
certain parts of an animal’s body are less 
susceptible to slight amounts of residual 
active virus in the neutral mixtures than are 
others. None of these explanations, how- 
ever, is quite adequate, 

What relation do humoral antibodies have 
to immunity against virus diseases? Ani- 
mals may possess agglutinins, precipitins 
and complement-fixing antibodies against 
certain viruses without being resistant to 
infection. In most instances, but not all, the 
presence of neutralizing antibodies in an 
animal’s serum against a virus indicates 
that such an animal is resistant to the ac- 
tive agent. However, some animals recovered 
from a virus infection are resistant to re- 
infection without possessing demonstrable 
neutralizing antibodies. One school of 
thought holds that humoral antibodies are 
of no great significance in actively acquired 
immunity and contends that a cellular or 
tissue immunity is the important factor, 
Another school is of the Opinion that 
humoral antibodies are the important. fac- 
tor. Furthermore, according to these work- 
ers, the fact that such antibodies are not 
demonstrable by methods now used cannot 
be accepted as evidence of their absence, 
because they may be present in amounts too 
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small for demonstration or they may be 
sessile, i.e., attached to cells instead of being 
free in the circulating blood. There are argu- 
ments for both points of view, but whether 
or not one is correct to the exclusion of the 
other remains to be determined. 

Passive immunity is a state of resistance 
to infection produced in a normal person by 
the parenteral administration of serum from 
an actively immunized person or animal 
containing circulating antibodies. So far as 
is known, this state of resistance to virus 
diseases can be brought about only by the 
injection of serum containing neutralizing 
antibodies. In passive immunity it is quite 
obvious that humoral antibodies are the im- 
portant factors rather than tissue immunity. 
Whether the antibodies introduced into peo- 
ple protect susceptible cells against the 
entry of virus, whether they act directly on 
the virus in such a manner as to prevent the 
production of disease, or, finally, whether 
they enhance the destruction of virus by 
certain phagocytic cells, is not known, Pas- 
sive immunity is of great practical interest 
because of its use in connection with pro- 
phylaxis and treatment of virus diseases, a 
matter discussed later in the chapter. 


TRANSMISSION 


The way by which viruses are dissemi- 
nated in a population varies. Some diseases, 
e.g., smallpox, chickenpox and measles, are 
extremely contagious and are spread by con- 
tact or by droplet nuclei in the air. At least 
one virus disease, rabies, is transmitted only 
through a wound, usually one induced by 
the bite of a rabid animal. Many viral and 
rickettsial diseases are transmitted in nature 
by arthropod vectors; mosquitoes, mites, 
fleas, and ticks are the ones usually in- 
volved. In most instances, the arthropods 
that act as vectors are infected by the 
viruses and rickettsiae and remain infected 
as long as they live. Indeed, the rickettsiae 
of epidemic typhus not only make a louse 
sick but cause its death. In some instances, 
viruses and rickettsiae are transmitted to 
an insect’s offspring through eggs. In this 
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way, some rickettsiae can be perpetuated in 
nature, There are other hosts, in addition to 
man, for many viral and rickettsial diseases, 
Indeed, in some cases, the appearance of 
certain diseases in man is only accidental 
or an ecologic by-product of the infectious 
agents. For example, yellow fever probably 
has always been a disease of mosquitoes and 
monkeys with man becoming infected only 
incidentally. The same is probably true of 
western equine encephalitis; small mam- 
mals, birds, and mosquitoes usually keep 
the disease going in nature, while infection 
of man and horses is relatively infrequent. 
As one reads the different chapters in this 
book, many examples of what has been 
stated will be found and one cannot avoid 
being impressed with the ecologic phe- 
nomena of disease. In understanding and 
controlling human infections that require 
insect vectors and animal reservoirs, one 
must be equally familiar with the ecology 
of vectors, reservoirs, and human beings. 
Very few viral diseases are water-borne, in- 
fectious hepatitis being an outstanding ex- 
ception (and even this disease is not usually 
spread by water but by contact). Only a 
few viruses are spread by food; three milk- 
borne epidemics of poliomyelitis, which is 
usually considered a contact disease, have 
been reported, and at least one outbreak of 
infectious hepatitis has been caused by con- 
taminated milk. In summary, viral and 
rickettsial diseases are usually spread by 
contact, droplet nuclei in the air, or ar- 
thropod vectors. Occasionally, a few can be 
disseminated by means of contaminated 
water or milk, and some can be spread in 
more than one way. 

The usual methods by which viruses are 
spread and maintained in nature have just 
been described. There are, however, in- 
stances in which these occur in an unusual 
manner. Two examples will be given, one 
from the work: of Shope (1939) and the 
other from the investigations of Syverton 
et al. (1947). According to Shope, em- 
bryonated lung-worm ova, passing to the 


outside world either by way of the feces or 
of bronchial exudate from a hog that has 
had influenza, are ingested by earthworms. 
The lung-worm larvae pass through three 
stages of development in the earthworm. 
After reaching the third stage, in which 
they are capable of infecting swine, the 
larvae remain in the earthworm host until 
the worm is eaten by a hog; they are then 
liberated, penetrate the swine’s intestinal 
mucosa, and migrate to the respiratory tract 
by way of the lymphatics and blood stream. 
This cycle may require several years for 
its completion, but under ideal conditions 
it is accomplished in about a month, After 
the lung-worm larvae carrying the influenza 
virus finally reach the lungs of a susceptible 
hog, nothing happens unless the proper 
stimulus materializes. In the absence of such 
stimuli the influenza virus lies dormant and 
is not detectable by ordinary means, but 
when the proper stimulus occurs, for in- 
stance, several injections of certain kinds 
of bacilli or an infestation with round 
worms at the proper time of year, the virus 
becomes active and the hog develops a 
typical attack ef swine influenza, Recently 
Syverton et al, (1947) showed that, when 
guinea pigs were simultaneously infected 
with the virus of lymphocytic choriomen- 
ingitis and Trichinella spiralis, the nema- 
tode larvae picked up the virus and after 
maturation were able to transmit it to sus- 
ceptible hosts, According to them, the trans- 
mission under these conditions was not due 
to adherence of the virus to the outer sur- 
face of the larvae but to its presence within 


them. 

PREVENTION AND TREATMENT 

In approaching prevention and treatment 
of viral and rickettsial diseases, the ques- 
tions of quarantine and control of vectors 
and reservoirs immediately come to mind. 
At this time, nothing will be said of these 
matters, because the latter will be handled 


in chapters on specific diseases, and quaran- 
tine as conducted in relation to human dis- 
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eases is of very doubtful value. Vaccines 
have been discussed earlier in the chapter. 
Consequently, remarks will be limited to 
prevention and treatment by means of drugs 
and immune sera. At this point, it should 
be mentioned that misunderstanding in re- 
gard to the use of the word “treatment” 
frequently occurs: some physicians insist 
that all measures instigated after exposure 
to an infectious agent, even though the ex- 
posed person is still well, constitute treat- 
ment, while others employ the word to 
designate those measures initiated only 
after the onset of signs and symptoms of 
disease. Therefore, in order to avoid con- 
fusion, the time of administration of drugs 
and convalescent sera in relation to ex- 
posure and onset of signs of disease should 
be indicated when possible. 

Two sets of experiments that throw con- 
siderable light on prevention and treatment 
of viral and rickettsial diseases by means of 
immune sera will be described. Rivers et al. 
(1929) removed corneas from normal rab- 
bits, inoculated them with vaccine virus, 
and then embedded them in clots of plasma 
containing abundant antivaccinal anti- 
bodies. Upon incubation, typical vaccinal 
lesions with Guarnieri bodies and an abun- 
dant amount of active virus developed in 
such tissues, in spite of the fact that, in the 
plasma surrounding them, sufficient anti- 
bodies to neutralize the virus were present. 
Andrewes (1929) showed that antivaccinal 
serum infiltrated into the shaved skin of a 
rabbit prevented the development of a vac- 
cinal lesion in the treated skin even though 
the virus was inoculated immediately after- 
ward, However, if the virus was injected 
into the skin five minutes prior to the time 
that the infiltration of immune serum was 
made, no amount of serum sufficed to pre- 
vent a lesion; and, if eight hours were 
allowed to elapse after inoculation, not 
even the size of the lesion was influenced. 
Furthermore, it was demonstrated that large 
amounts of immune serum, administered 
intravenously shortly after the virus was 
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inoculated intradermally, would prevent a 
generalized eruption but would exert no in- 
fluence upon the lesion at the site of inocu- 
lation. In this connection, it should be 
remembered that no gross evidence of in- 
fection is seen during the first 48 hours after 
vaccine virus is injected into the skin of a 
rabbit. 

In certain viral diseases, the administra- 
tion of immune sera after exposure and 
before appearance of clinical signs and 
symptoms is efficacious, but, as a rule, once 
signs and symptoms of a viral or rickettsial 
disease have manifested themselves, the ad- 
ministration even of large quantities of im- 
mune sera is not very effective. Some 
workers disagree with this statement to a 
certain extent, but they have been unable 
to bring convincing evidence against the 
soundness of the view. In contesting the 
view, investigators admit that viruses or 
rickettsiae already in cells are not affected 
by immune substances but stress the fact 
that immune sera will prevent other cells 
in the body from becoming infected, The 
fallacy in the argument lies in the fact that. 
by the time patients have signs and symp- 
toms sufficient to warrant the attendance of 
a physician, practically all cells in their 
bodies that are going to be infected have 
already been invaded by the viruses. This 
may be hard to comprehend, but there is 
sufficient experimental evidence in lower 
animals to substantiate the statement, Gal- 
loway and Perdrau (1935) found that after 
instillation of louping-ill virus in the nose 
of a monkey, the active agent was well dis- 
tributed throughout the central nervous Sys- 
tem several days before the animal showed 
signs of sickness. Hurst (1936) instilled 
equine encephalomyelitis virus into the 
noses of monkeys, sacrificed them at dif- 
ferent times after inoculation, tested vari- 
ous parts of their central nervous systems 
for the presence of virus, and correlated the 
findings with clinical observations made on 
the animals before they were killed, Ac- 
cording to him, all parts of the central 
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nervous system except the cord contained 
virus within 30 hours after onset of fever, 
and several hours later, at the time of onset 
of nervous signs, even the lumbar cord was 
infectious. Webster and Clow (1936b) 
dropped virus of the St. Louis type of 
encephalitis into the noses of mice, sacri- 
ficed some at different times in order to test 
for the presence of virus in various parts of 
the brain and cord, killed others to deter- 
mine the time of appearance and progression 
of lesions, and allowed others to sicken and 
die in order to determine the time of onset 
of clinical signs. The data obtained in this 
manner clearly showed that virus was pres- 
ent in tissues 24 to 48 hours before the ap- 
pearance of lesions detectable under the 
microscope, and that all parts of the brain 
and cord contained large amounts of virus 
before the animals became ill. Faber and 
Gebhardt (1933) conducted similar experi- 
ments with monkeys that had been infected 
by means of intranasal instillation of polio- 
myelitis virus. Their findings indicated that 
by the fifth, sixth or seventh day after 
inoculation, at which time only an occa- 
sional rise of temperature or tremor and 
hyperesthesia were present and before pa- 
ralysis had occurred, virus was distributed 
throughout the central nervous system. 
Thus, it seems logical to assume that the 
viruses of a number of diseases by the time 
signs and symptoms of disease become 
obvious have already reached practically all 
the cells that are likely to be attacked. If 
such be the case, one would expect con- 
valescent or immune sera given after the 
onset of signs of disease to be valueless in 
most instances, 

Although the brilliant results obtained in 
the therapy of certain bacterial and pro- 
tozoan diseases by the use of chemical 
agents and antibiotics emphasize the ab- 
sence of similar successes in the treatment 
of viral and rickettsial diseases, sufficient 
evidence has been obtained to warrant the 
hope that eventually chemotherapeutic 
agents and antibiotics will be found effec- 
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tive against maladies in the latter group. 
When one reads the different chapters in 
this book, one will find that sulfonamides 
and penicillin are somewhat efficacious 
against the action of certain viruses of 
the psittacosis-lymphogranuloma-trachoma 
group, and that para-aminobenzoic acid is 
effective against some rickettsiae, particu- 
larly those causing Rocky Mountain spotted 
fever. At the present time, however, indis- 
criminate use of known chemotherapeutic 
agents and antibiotics in the treatment of 
all viral and rickettsial diseases of man is 
fruitless and inexcusable. 

The difference between the response of 
bacterial diseases on the one hand and viral 
and rickettsial diseases on the other to 
chemotherapy is probably due to funda- 
mental differences in the nature and meta- 
bolic activities of the two groups of disease- 
producing agents. A striking feature about 
the results of work on chemotherapy of ex- 
perimental viral and rickettsial diseases is 
that the viruses and rickettsiae themselves 
are not inactivated or injured by the sub- 
stances used: all that happens is that further 
multiplication of the disease-producing 
agents ceases. This is quite different from 
what takes place when bacteria come in 
contact with chemotherapeutic agents and 
antibiotics. In most instances, these micro- 
organisms are killed by adequate concen- 
trations of the therapeutic substances, and 
their death is believed to be brought about 
by an interference with certain of their 
enzyme systems or metabolic processes, On 
the other hand, viruses and rickettsiae are 
intracellular parasites and are believed not 
to possess complete enzyme systems essen- 
tial for multiplication. If this is true, then 
such systems are supplied wholly or in part 
by their host cells and therapeutic agents 
can have no direct, deleterious effect on 
them through disruption of such systems. 
Nevertheless, their activities can be inter- 
fered with and their multiplication in- 
hibited indirectly through the action of 
therapeutic agents which disturb enzyme 
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systems and metabolic processes of their 
host cells. What has just been said offers a 
logical explanation of why known chemo- 
therapeutic agents and antibiotics yield dif- 
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ferent results in different kinds of infectious 
disease and indicates a practicable approach 
to therapeutic problems in the viral and 
rickettsial field. 
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Chemical and Physical Procedures 


HISTORICAL INTRODUCTION 


Viruses were discovered by means of a 
physical technic, namely, filtration, and 
since 1892, when Iwanowski (1892) re- 
ported the results of his filtration experi- 
ments with the agent responsible for the 
tobacco-mosaic disease, physical and chem- 
ical technics have played an increasingly 
important role in studies on viruses. The 
filtration experiments were repeated, inde- 
pendently, by Beijerinck (1898), who ex- 
tended the work to include studies on the 
serial passage of the tobacco-mosaic dis- 
ease by means of filtrates, on the inactiva- 
tion of the infectious agent by heat and on 
the diffusion of the agent into agar blocks. 
Beijerinck also showed that the causative 
agent of the disease could be dried at low 
temperature or precipitated with alcohol 
with retention of its infectious nature. 
Beijerinck recognized the significance of his 
experiments, and realized that a new type 
of infectious agent, which he referred to as 
a contagium vivum fluidum, had been dis- 
covered. 

The discovery of tobacco-mosaic virus 
was followed by the finding of the virus of 
foot-and-mouth disease of cattle in 1898 
(Loeffler and Frosch, 1898), and the virus 
of yellow fever of man in 1901 (Reed et al., 
1911) ; subsequently a host of viruses affect- 
ing plants, lower animals and man were 
discovered. In most cases, the existence of 
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these viruses was demonstrated by means 
of filtration. However, early filtration ex- 
periments did little except to establish the 
very important fact that most viruses were 
smaller than most bacteria. The ordinary 
light microscope, and even the ultraviolet 
light microscope, yielded practically no in- 
formation except in the cases of a few large 
viruses. For several years little was known 
concerning the nature or the absolute sizes 
of the viruses. Then, about 1930 several ap- 
proaches began to bear fruit. There had 
been a growing suspicion that the elemen- 
tary bodies of vaccinia, fowl-pox and psit- 
tacosis were, in fact, the viruses themselves, 
This suspicion appeared to be substantiated 
in 1930, when Woodruff and Goodpasture 
(1929, 1930) isolated inclusions of fowl- 
pox, showed that a single inclusion could be 
broken up to yield many infective units, 
and that it contained as many as 20,000 ele- 
mentary bodies. Although MacCallum and 
Oppenheimer (1922) found that vaccinia 
virus could be concentrated by centrifuga- 
tion, it was not until about 1930 that 
renewed interest in this approach became 
evident. About this time Bland (1928), Led- 
ingham (1931) and Craigie (1932) also 
showed that the elementary bodies of vac- 
cinia could be sedimented and concentrated 
by centrifugation. This work was extended 
by Rivers and his associates (Hughes et al., 
1935; Parker and Rivers, 1935, 1936a, b, 
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1937; Parker and Smythe, 1937) who pre- 
pared appreciable amounts of purified ele- 
mentary bodies of vaccina, analyzed them 
chemically, demonstrated a correlation be- 
tween number of bodies and virus activity 
and found no measurable metabolism even 
with concentrated suspensions of bodies. 
Unfortunately, this work had little influ- 
ence on the trend of investigations on other 
viruses, probably because the elementary 
bodies were as large as certain bacteria and 
hence were regarded as small living or- 
ganisms. Then Elford (1931) began his im- 
portant work on the filtration of virus 
preparations through graded collodion mem- 
branes of known porosity. He soon estab- 
lished the fact that different viruses pos- 
sessed different and characteristic sizes and 
that some viruses possessed diameters of 
about 10 mu, while others had diameters of 
about 300 mu. 

A chart showing the approximate sizes of 
several viruses and some reference mate- 
rials, prepared largely from data obtained 
with the electron microscope, is provided 
in Chart 1. 

The use of chemical technics in the study 
of viruses also began to assume importance 
around 1930. Vinson and Petre (1929, 1931) 
showed that tobacco-mosaic virus could be 
subjected to numerous chemical manipula- 
tions with retention of virus activity. Many 
investigators working with different viruses 
conducted studies on the effect of different 
chemicals on virus activity. Chemical in- 
vestigations directed toward the concen- 
tration and purification of certain viruses 
were started, One of these led to the isola- 
tion, in 1935, of tobacco-mosaic virus in the 
form of a crystalline material of unusually 
high molecular weight (Stanley, 1935). This 
material was subsequently shown to be a 
nucleoprotein with a particle size of 15 by 
280 mu and a molecular weight of about 
40,000,000 (Bawden and Pirie, 1937a; Stan- 
ley, 1937a; Loring, 1939; Stanley and An- 
derson, 1941; Lauffer, 1944). This discovery 
was followed by the isolation of over a 
dozen viruses in highly purified, and in some 


instances, crystalline form, All these puri- 
fied viruses have been found to be at least 
as complex as a nucleoprotein, The chemical 
and physical technics which have been used 
in the study of these materials will be de- 
scribed in the present chapter. 


PURIFICATION 
CuemicaL Metnops or PuRIFICATION 


The purification of a virus by chemical 
technics involves the use of a procedure or, 
usually, of a series of different procedures 
which results in a relative enrichment of 
virus. Obviously a means of following virus 
activity with fair accuracy must be avail- 
able so that it will be possible to determine 
whether or not a given treatment results in 
a relative enrichment of virus. It is also 
advisable to determine the pH_ stability 
range of the virus under investigation, for 
chemical treatments involving hydrogen ion 
concentrations outside of the range of sta- 
bility of the virus cannot be employed. 
Another factor of considerable importance 
is the selection of the starting material. 
Thus, for example, other factors, such as 
approximate amount of virus, etc., being 
equal, it would be better to use the extra- 
embryonic fluids of the infected chicken 
embryo rather than an extract of emulsified 
whole chicken embryo as starting material, 
for the former contains far less extraneous 
material than does the latter. Every effort 
should be made to secure a starting ma- 
terial containing the highest possible con- 
centration of virus and the lowest possible 
concentration of nonviral materials having 
properties similar to those of the virus, Be- 
cause viruses differ in their chemical prop- 
erties, and because the impurities associated 
with any given virus also differ, it is not 
possible to outline a definite procedure for 
the purification of viruses. However, be- 
cause all purified viruses now known are at 
least as complex as a nucleoprotein, the 
general methods which have been employed 
in work with proteins have been found of 
value in work with viruses. Some degree of 
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Cuart 1. APPROXIMATE SIZES OF VIRUSES AND REFERENCE MATERIALS 


Red blood cells 

B. prodigiosus (Serratia marcescens) 
Rickettsia 

Psittacosis 

Canary pox 

Myxoma 

Vaccinia 

Pleuro-pneumonia organism 
Pseudo rabies 

Herpes simplex 

Rabies fixe 

Influenza 

Newcastle disease 

Vesicular stomatitis 
Staphylococcus bacteriophage 
Fowl Plague 

T?2 coli bacteriophage 
Chicken tumor I 

Equine encephalomyelitis 

T3 coli bacteriophage 

Rabbit papilloma (Shope) 
Pneumonia virus of mice 
Tobacco mosaic and strains 
Latent mosaic of potato 
Gene (Muller’s est. of max. size) 
Southern bean mosaic 

Rift valley fever 

Tomato bushy stunt 
Poliomyelitis (Lansing) 
Hemocyanin molecule (Busycon) 
Yellow fever 

Hemocyanin molecule (Octopus) 
Louping ill 

Tobacco ring spot 

Japanese B encephalitis 
Alfalfa mosaic 

Tobacco necrosis 
Foot-and-mouth disease 
Silkworm jaundice 
Hemoglobin molecule (Horse) 
Egg albumin molecule 


* Stanley, W. M.., 
News, 25, 3786-3791. 


1947, Chemical studies on viruses, 
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purification can usually be achieved by 
treatment with salts such as ammonium or 
magnesium sulfate. Generally, increasing 
amounts of salt are added to aliquots of a 
virus preparation buffered to a definite 
hydrogen ion concentration and the amount 
of salt necessary to precipitate all of the 
virus activity is determined. Any impuri- 
ties remaining in the supernatant liquid 
can then be separated from the virus. An- 
other general procedure of value involves 
the adsorption of virus on some material at 
a given pH or temperature and the separa- 
tion of this material plus adsorbed virus 
from the bulk of the liquid and accompany- 
ing impurities, followed by the elution of 
the virus from the adsorbent at another pH 
or temperature. The adsorption of tobacco- 
mosaic virus on celite at pH 4.5 followed by 
elution at pH 7 (Stanley, 1935), or the 
adsorption of influenza virus on chicken red 
blood cells at 4° C. followed by elution at 
37° C. (Hirst, 1941; McClelland and Hare, 
1941) are examples of the use of this pro- 
cedure. 

Different enzymes have been used to 
digest protein impurities present in virus 
preparations. It is, of course, necessary to 
demonstrate that the enzyme used does not 
cause inactivation of the virus. It is also 
necessary to develop a method for separat- 
ing the enzyme, as well as the products of 
proteolysis, from the virus, In some cases it 
has been possible to purify a virus by pre- 
cipitation with agents such as lead acetate, 
acetone or alcohol, Usually certain other 
proteins are carried down and must be 
separated from the virus by various means. 
Occasionally, isoelectric precipitation, either 
of the virus or of protein impurities, can 
be used to good advantage, In recent years, 
certain viruses have been purified by use of 
immunochemical methods. An antiserum to 
a crude virus preparation is made and then 
absorbed with extracts of normal materials 
from the same kind of host used for produc- 
tion of the virus. The residual antibodies 
presumably are for the virus, and, from the 
virus-antibody precipitate, the virus can be 


obtained by dissociation or in some cases by 
removal of the antibody portion by means 
of enzymatic digestion. 

Since several of the chemical procedures 
described in the preceding paragraphs were 
actually employed in the original isolation 
of purified tobacco-mosaic virus, a short de- 
scription of the purification of this virus 
will be given (Stanley, 1936b). Young 
Turkish tobacco plants were infected with 
tobacco-mosaic virus, and after about three 
weeks the plants were harvested and placed 
in a room held at about —12° C. Freezing 
is useful not only because it appears to 
cause a more complete rupture of the plant 
cells and hence a more complete release of 
virus, but also because it appears to result 
in the denaturation of some of the normal 
proteins of the plant. The frozen plant ma- 
terial was then put through a meat grinder 
and about 4 per cent by weight of disodium 
phosphate in the form of a concentrated 
solution was stirred into the frozen macer- 
ated plant material. After the plant mate- 
rial had thawed, the juice was pressed out 
and clarified by centrifugation or by means 
of filtration on a Buchner funnel through a 
thin layer of coarse celite. The clarified 
juice, which was at about pH 7 because of 
the addition of the alkaline phosphate, was 
brought to 0.4 saturation with ammonium 
sulfate. The precipitate, containing essen- 
tially all of the virus plus some normal 
protein and pigmented impurities, was 
separated from the supernatant liquid by 
centrifugation or by means of filtration on 
paper or on a thin layer of celite. The 
precipitate was dissolved in water and the 
virus fraction again precipitated with am- 
monium sulfate. This precipitation was re- 
peated until the liquid, which was separated 
from the precipitate, was almost colorless. 
The precipitated virus fraction was then 
dissolved in 0.1 M phosphate buffer at pH 7 
and treated with a small volume of a solu- 
tion of lead subacetate. The precipitate 
which formed contained little virus and a 
large amount of pigmented material. The 
supernatant liquid containing most of the 
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virus was almost colorless and possessed a 
characteristic opalescent appearance. This 
liquid was adjusted to pH 4.5, and 2 per 
cent by weight of celite was added. The 
mixture was then filtered on a Buchner 
funnel with suction and the yellow colored 
filtrate was found to contain an inactive 
protein fraction, The filter cake containing 
the virus was suspended in 0.1 M phosphate 
buffer at pH 7 and filtered on a Buchner 
funnel with suction. The filter cake was 
washed with small volumes of the phosphate 
buffer, and the washings were added to the 
main filtrate containing most of the virus. 


Fic. 1. Crystals of tobacco-mosaic 
virus x675. (Stanley, W. M., 1937, 
Crystalline tobacco-mosaic virus pro- 
tein. American Journal of Botany, 24, 
59-68.) 


This procedure, which in essence consisted 
of the isoelectric precipitation of the virus, 
was repeated twice in order to remove prac- 
tically all the inactive protein fraction. 
Finally the filtrate from the suspension of 
celite and virus at pH 7 was treated with 
sufficient ammonium sulfate to cause a faint 
turbidity. Then a solution consisting of one 
part of glacial acetic acid in 20 parts of 0.5 
saturated ammonium sulfate was added 
slowly with stirring, A characteristic sheen- 
like appearance resulted, and the liquid con- 
tained crystals, such as those shown in 
Figure 1, consisting of highly purified to- 
bacco-mosaic virus, The characterization of 
this and similar purified materials and the 


correlation of such materials with virus ac- 
tivity will be described in subsequent para- 
graphs. 


PuysicaL Metruops or PURIFICATION 


When chemical methods were used in at- 
tempts to purify certain viruses which were 
less stable than tobacco-mosaic virus, the 
viruses were largely inactivated. It became 
obvious that some new and less drastic puri- 
fication procedures would have to be de- 
veloped for such viruses. As a result, a 
physical method of purification involving 
high-speed centrifugation in a vacuum-type 
angle centrifuge has come into prominence. 
Many of the objectives formerly accom- 
plished by filtration are now accomplished 
by means of high-speed centrifugation. 

Vacuum-Type Angle Centrifuge. Al- 
though differential centrifugation was used 
by MacCallum and Oppenheimer (1922) to 
purify vaccinia virus and by Ledingham 
(1931) to purify vaccinia and fowl-pox 
viruses, it did not gain immediate favor as 
a means of purification of other viruses. 
This was probably due to the lack of ade- 
quate centrifuges and the meager knowl- 
edge concerning the sizes of various viruses. 
However, when the sizes of several viruses 
became known through data obtained by 
filtration, it became obvious that they could 
be sedimented readily, provided centrifugal 
fields of from 50,000 to 100,000 times grav- 
ity could be made available. The air-driven, 
spinning top of Henriot and Huguenard 
(1925) was one type of apparatus capable 
of delivering fields of this magnitude. How- 
ever, this apparatus was not entirely suit- 
able because of the small volume of liquid 
which it could hold at one time. The prin- 
ciple of the air-driven rotor was utilized by 
Beams and Pickels (1935) to provide a 
driving mechanism for a rotor of large ca- 
pacity suspended in a vacuum, This appara- 
tus was developed further by Bauer and 
Pickels (1936), and again by Pickels 
(1938). A vertical cross-sectional drawing 
of the driving mechanism as used by Pickels 
is given in Figure 2, A photograph of the 
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parts indicated in Figure 2 is shown in Fig- 
ure 3. The entire centrifuge is shown in 
Figure 4. A rotor used at The Rockefeller 
Institute in Princeton is shown in Figure 
5; it is machined from a solid block of 
Duralumin alloy and contains holes for in- 
serting 14 celluloid-composition containers 
holding about 16 cc. each, Similar rotors 
holding larger or smaller amounts can also 
be used. The head of the rotor fits snugly 
and is made airtight by means of a rubber 
gasket. The rotor is so designed that, while 
rotating in a high vacuum, its contents are 
at atmospheric pressure, Since the rotor 
spins in a vacuum, there is little friction and 
very little heat is generated. For use with 
unstable viruses, the rotor is cooled to about 
0° C. During a 3-hour run it warms up less 
than 5°, hence the material may be kept 
cold during the entire centrifugation proc- 
ess. The vacuum chamber is shown closed, 
and to open it, it is only necessary to bring 
it to atmospheric pressure and lift the upper 
portion from the steel cylinder. 

Within the past few years, high-speed 
electric motors capable of operating at 
50,000 r.p.m. or more have been developed. 
Suitable bearings for the connection be- 
tween motor and rotor and for the support 
of large rotors operated in a vacuum cham- 
ber have also been developed so that these 
high-speed motors are replacing the air- 
turbines in the high-speed centrifuges. Cer- 
tain of these centrifuges possess the added 
advantages provided by magnetically sup- 
ported rotors. These centrifuges are quite 
compact, are capable of holding 200 cc. of 
liquid and can be operated in an ordinary 
laboratory (Beams, 1942). 

Fortunately, in the cases of several 
viruses, starting materials have been found 
in which the impurities have rates of sedi- 
mentation quite different from that of the 
virus. In these special cases, it is a simple 
task to secure relatively pure virus prepara- 
tions. The starting material is first centri- 
fuged at a speed and for a length of time 
sufficient to sediment practically all mate- 
rials which migrate more rapidly than the 






virus, Following the removal of heavy im- 
purities, the supernatant liquid is removed 
and then centrifuged at a speed and for a 
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Fic. 2. Vertical cross-sectional 
drawing of driving mechanism of va- 
cuum-type centrifuge. (A) Air bear- 
ing disk; (B) Steel turbine; (C) 
Stem of steel turbine; (D,E) Bronze 
bushing of turbine; (I) Neoprene 
rest for air bearing disk; (G) Drive 
shaft; (H) Bronze bushing for drive 
shaft; (1) Brass support plate ; (J) 
Oil inlet: (K) Bronze rest for tur- 
bine; (L,M) Air inlet; (N) Oil out- 
let: (O to T) Damping arrangement, 
(O) Metal tube; (P) Steel spring; 
(Q) Brass cylinder; (R) Oil outlet ; 
(S) Oil inlet ; (T) Steel ball oil valve ; 
(U) Cross arm mounting. (Pickels, 
E. G., 1938, A new type of air bearing 
for air-driven high-speed centrifuges. 
Review of Scientific Instruments, 0, 
358-364.) 
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Fic. 3. Photograph of parts indicated in Figure 2. 
(Pickels, E. G., 1938, A new type of air bearing for air- 
driven high-speed centrifuges. Review of Scientific In- 
struments, 9, 358-364.) 


length of time necessary to sediment all or 
most of the virus. The supernatant liquid 
is discarded and the pellets of virus, which 
are usually small and opalescent, are sus- 
pended in a liquid known to provide a favor- 
able environment. This virus preparation is 
then subjected to another cycle of differen- 
tial centrifugation and this is repeated until 
tests indicate that practically all light and 
heavy impurities have been removed. One 
or two such cycles of differential centrifuga- 
tion are sufficient to convert the infectious 
juice from mosaic-diseased Turkish tobacco 
plants into a preparation which will yield 
directly the crystals shown in Figure 1. 

In the case of tomato- bushy-stunt virus, 
four cycles of differential centrifugation 
yielded a preparation which gave the crys- 


Fic. 4. Concentration centrifuge 
utilizing: drive weg illustrated 
in Figures 2 and 3, (Pickels. E. G.. 
1938, A new type of air bearing for 
air-driven high-speed centrifuges, Re- 
view of Scientific Instruments, 9, 358- 
364.) 
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tals of bushy-stunt virus shown in Figure 6. 
The method has also been used to purify 
the viruses of equine encephalomyelitis 
(Taylor et al., 1943a), rabbit papilloma 
(Beard et al., 1939), influenza (Taylor et 
al., 1943b; Stanley, 1944a; Sharp et al., 
1944c), Lansing poliomyelitis (Loring and 
Schwerdt, 1946), Newcastle disease of 
chickens (Bang, 1946; Cunha et al., 1947), 


Fig: &. 
Research at Princeton, N. J. 


tobacco ring spot (Stanley, 1939), potato 
latent mosaic (Loring, 1938), tobacco ne- 
crosis (Pirie et al., 1938) and southern bean 
mosaic (Price, 1946), as well as Ty» coli 
bacteriophage (Hook et al., 1946 ; Anderson, 
1946). In the cases of the viruses of Jap- 
anese B encephalitis in mouse brains (Duffy 
and Stanley, 1945), potato yellow dwarf 
and jaundice of silkworms (Glaser and 
Stanley, 1943), considerable difficulty was 
encountered, for the extracts of the normal 
hosts were found to contain material which 


sedimented at a rate near that of the viruses. 
If it is assumed that these materials of the 
normal hosts will also be present in the ex- 
tracts from the diseased hosts, it is obvious 
that such impurities could never be sepa- 
rated from the viruses by means of differen- 
tial centrifugation, Other means, such as 
immunochemical procedures, which were 
found of value in the case of the virus of 





Rotor used in centrifuge at The Rockefeller Institute for Medical 
(Photograph by J. A. Carlile) 


jaundice of silkworms, must be employed to 
separate impurities of this type. 

It should be emphasized that purification 
by means of differential centrifugation is 
especially suitable for unstable viruses, 
since the operations can be conducted 
quickly and in the cold (Stanley and 
Wyckoff, 1937). The procedure is quite 
mild and has been found to cause little or 
no change in the characteristics of the 
viruses studied. It seems likely that this 
method will continue to be used extensively 
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in virus research, and, when used in con- 
junction with analyzing devices such as the 
Svedberg ultracentrifuge, the electrophore- 
sis apparatus and the separation cell, it is 
very powerful, The only difficulty encoun- 
tered has been a certain amount of stirring 
within the centrifuge tubes due to thermal 
convection currents. In the cases of viruses 


gradients with materials such as sucrose or 
serum albumin, but this expedient is un- 
necessary for the routine purification of 
viruses (Pickels, 1943; Stanley, 1944b). 
Continuous-Flow Centrifuge. The suc- 
cess of differential centrifugation in high- 
speed, vacuum-type angle centrifuges as a 
means of virus purification naturally led to 





Fic. 6. Crystals of tomato-bushy-stunt virus, x224. (Stanley, W. M. 
1940, Purification of tomato-bushy-stunt virus by differential centrifuga- 
tion, Journal of Biological Chemistry, 135, 437-454.) 


which are not sufficiently homogeneous to 
provide a sharp sedimenting boundary, this 
stirring has resulted in a small proportion 
of the virus remaining in the supernatant 
liquid when subjected to conditions which 
should have caused all of the virus to sedi- 
ment. This difficulty is not serious in con- 
nection with purification procedures, since 
only a small percentage of the virus remains 
in the supernatant liquid. It can, of course, 
be eliminated by providing artificial density 


experimentation with continuous-flow types 
of centrifuge, since these have a consider- 
ably larger capacity. McKinney (1927) at- 
tempted to use the commercially available 
Sharples Laboratory Supercentrifuge for 
the concentration of tobacco-mosaic virus, 
but, because of the large volumes of liquid 
required, it was soon discarded in favor 
of a small, specially constructed centri- 
fuge with a closed bowl holding about 
10 cc. Schlesinger (1933) showed that a 
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coli-bacteriophage could be concentrated 
and purified by means of a similar, specially 
constructed centrifuge having a closed hol- 
low cylinder. The first successful attempt 
to purify viruses by means of the Sharples 
Supercentrifuge equipped with a bowl for 
continuous flow, but modified considerably 
in other respects, appears to have been 
made by McIntosh and Selbie (1940). These 
workers demonstrated that the virus ac- 
tivity of large volumes of liquid containing 
vaccinia virus or either of two bacterio- 
phages could be reduced at least 100 times 
by passage through the centrifuge. The in- 
fective particles that were removed from 
the effluent liquid were recovered in the 
sediment contained in the centrifuge bowl. 
Later, Stanley (1942a) reported that large 
amounts of purified tobacco-mosaic virus 
could be prepared by means of the com- 
mercially available Sharples Laboratory 
Supercentrifuge equipped with the regular 
clarifier bowl operated at a speed of 50,000 
r.p.m. by means of compressed air, The 
only modification of the centrifuge con- 
sisted of the use of a cooling coil and the 
replacement of the original delivery jet with 
a short piece of tubing from a No, 22 hypo- 
dermic needle. The juice from mosaic-dis- 
eased Turkish tobacco plants was first clari- 
fied by means of filtration through a layer 
of celite or by passage through the Sharples 
centrifuge at a high rate of flow. The clari- 
fied juice was then passed through the cen- 
trifuge at a rate of about 15 cc. per minute. 
The effluent liquid was found to contain 
only about 10 per cent of the virus, while 
about 90 per cent was obtained in the sedi- 
ment contained within the centrifuge bowl. 
The sedimented material was dissolved in 
0.1 M phosphate buffer at pH 7, diluted to 
about 10 mg. of protein per CC., centrifuged 
in a bucket-type centrifuge at about 2,000 
r.p.m, to remove insoluble material and 
again passed through the Sharples centri- 
fuge at a rate of about 15 cc. per minute. 
This process was repeated once or twice to 
yield the final preparation of purified virus. 
It was possible to prepare from 10 to 15 Gm. 


of tobacco-mosaic virus, sufficiently pure for 
most purposes, during the course of ten 
hours by means of a single centrifuge. The 
factor having the greatest influence on the 
yield of virus was the rate of flow of liquid 
through the centrifuge; rates of 30 cc. or 
greater per minute resulted in yields of 50 
per cent or less, whereas rates of 20 to 25 cc. 
per minute gave yields of 60 to 75 per cent. 
In a later study of the efficiency of Sharples 
centrifuge bowls carrying liquid layers 0.5, 
0.25 and 0.125 inches thick, Stanley (1946) 
found that the type of bowl, the concentra- 
tion of virus and the use of a 3-way vane in 
the bowl had little or no effect on the yield 
of virus. As in the earlier study, the rate 
of flow of liquid through the centrifuge was 
found to be the dominant factor. 

Stanley (1944a) and later Taylor and co- 
workers (1945) demonstrated that influenza 
virus in the extraembryonic fluids of in- 
fected chick embryos could be purified by 
means of the Sharples centrifuge. In the 
cases of the PR8 and Lee strains, about 85 
to 90 per cent of the virus could be re- 
covered in the sediment in the bowl at rates 
of flow around 50 cc. per minute, During 
the course of an 8-hour day it is possible to 
process about 24 liters of infectious extra- 
embryonic fluid and secure about 2.4 Gm. 
of purified influenza virus by means of a 
single centrifuge. Because of the efficiency 
and ease of this process, and because of the 
purity of the product, this method has been 
adopted for the commercial production of 
purified influenza virus for use in vaccines 
(Stanley, 1945), and was accepted by the 
Army in April of 1945 as a suitable alterna- 
tive to the adsorption and elution method 
used during the preceding years. Recently, 
Cox and co-workers (1947) stated that 
alcohol precipitation followed by continu- 
ous-flow centrifugation provides an efficient 
method for working with very large volumes 
of extraembryonic fluid in the production 
of influenza vaccine, 

The method involving the use of the 
Sharples centrifuge has recently been em- 
ployed by Randall and associates (1947) 
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for the purification of Japanese B en- 
cephalitis virus and it seems probable that 
the method will find extensive use in the 
future for the purification of other viruses. 
The large volumes of fluid which can 
be processed in this type of centrifuge 
provides a distinct advantage over the 
closed or angle centrifuges. In work with 
potentially dangerous viruses it is necessary 
to operate the centrifuge in a closed space 
which can be sterilized by chemical sprays 
or by the use of ultraviolet light. Recently, 
a new model called the Sharples Laboratory 
Presurtite Centrifuge was introduced, which 
provides for centrifugation in a closed sys- 
tem that can be sterilized before and after 
use. In cases in which active virus is not 
required and the virus can be characterized 
by other than activity tests, it is possible to 
inactivate the virus by formaldehyde or 
ultraviolet light prior to centrifugation and 
thus eliminate dangers accompanying work 
with active virus. 


IDENTIFICATION OF VIRUS 
WITH PURIFIED PRODUCTS 


CHEMICAL FRACTIONATION 


When a supposedly purified product has 
been obtained, it is, of course, necessary to 
prove that the material in question actually 
consists of virus and not of a mixture of 
virus and extraneous materials, One way of 
doing this is to subject the purified product 
to a series of chemical procedures which 
result in the separation of the material into 
two or more fractions. These fractions can 
then be tested for their specific virus ac- 
tivity, that is, activity per unit weight, and 
if the specific virus activity of one fraction 
is greater than that of other fractions, the 
results provide definite evidence that the 
purified material actually consists of a mix- 
ture of virus and impurities. However, if all 
fractions are found to possess the same 
specific virus activity, the results can be 
regarded as providing evidence that the 
purified product is actually the virus, It 
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should be emphasized that a series of dif- 
ferent types of chemical fractionation pro- 
cedure should be used, for although a virus 
and impurity might be fractionated in the 
same proportion by one procedure, it is 
highly unlikely that they would always be 
fractionated in the same proportion by a 
wide variety of procedures. However, fail- 
ure to secure fractionation of a purified 
product is, at best, negative evidence for 
inhomogeneity, and such tests gain weight 
only as they are increased in number and 
in variety (Stanley, 1938a). 

One simple method of securing the sepa- 
ration of a purified virus product into two 
fractions consists of the addition of suffi- 
cient ammonium sulfate or magnesium sul- 
fate to cause the precipitation of part of 
the purified product. The precipitated ma- 
terial can be separated from the liquid por- 
tion by centrifugation or filtration. Protein 
nitrogen determinations can be made on the 
two fractions, and, the results being used 
as a basis for making dilutions, the specific 
virus activity of the two fractions per mg. 
of protein nitrogen can be determined. This 
procedure was used in connection with early 
tests on tobacco-mosaic virus and it was 
found that the specific virus activity of the 
two fractions was the same. It may be of 
interest to note that when purified prepara- 
tions of two strains of tobacco-mosaic virus 
were mixed and subjected to fractionation 
with salt, it was possible to secure a frac- 
tion, essentially all of which consisted of 
one strain, and another fraction, essentially 
all of which consisted of the other strain. 

It is obvious that other methods of frac- 
tionation such as the use of alcohol, acetone, 
lead acetate or specific antisera, as well as 
isoelectric precipitation, can be used, An- 
other procedure of importance consists of 
treating the purified product with an ad- 
sorbent, such as charcoal, celite or alumi- 
num hydroxide, followed by tests on the 
adsorbed and unadsorbed portions of the 
preparation. In all cases, it is necessary to 
prove that the chemical used to achieve 
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fractionation does not cause inactivation of 
the virus. However, another important 
method of testing for homogeneity consists 
in the actual destruction or inactivation of 
a portion of the purified product, followed 
by tests for specific virus activity of the 
remainder, Reagents such as acids, alkalis, 
urea, enzymes and various detergents, as 
well as heat or high pressures, can be used 
for this purpose, If the specific virus ac- 
tivity of the remaining portion is the same 
as that of the starting material, the results 
can be regarded as providing evidence of 
homogeneity. If the specific virus activity 
of the remaining portion is decreased, this 
might be due to the partial inactivation of 
the virus or to the preferential destruction 
of virus in a mixture of virus and impurity. 

Advantage should be taken of special 
situations which provide opportunities for 
fractionation. Thus, in the case of influenza 
virus, adsorption of virus on washed chicken 
red blood cells provides a means of frac- 
tionation. With impure preparations of in- 
fluenza virus, adsorption on chicken red 
blood cells followed by elution yields a 
product of higher virus activity, However, 
with highly purified influenza virus prepara- 
tions the virus activity is unchanged follow- 
ing adsorption on and elution from chicken 
red blood cells. 


PuysiIcaL FRACTIONATION 


Since physical methods are, in general, 
somewhat milder than chemical methods, 
they have been used widely in attempts to 
fractionate virus preparations. The general 
approach has been similar to that described 
above for chemical methods. The purified 
virus preparation is subjected to one or 
more physical processes which result in 
the separation of the material into two or 
more fractions, and the specific virus ac- 
tivities of these are then determined. Frac- 
tionation has been achieved by means of 
centrifugation, electrophoresis, and _ filtra- 
tion through collodion membranes. In early 
work with purified tobacco-mosaic virus, 


Stanley (1937c) centrifuged solutions of the 
virus at pH 2.4, 6.7 and 9.4, so that about 
85 to 95 per cent of the protein was removed 
from the upper portions of the supernatant 
liquids, and found that the virus activity of 
the separated upper and lower portions of 
the solutions was exactly proportional to 
the amount of protein present. Since the 
isoelectric point of this virus is about pH 
3.5, the virus was sedimented on both sides 
of the isoelectric point, that is, as nega- 
tively charged particles and as positively 
charged particles. The results provided a 
powerful argument against the idea that 
virus activity is due to an entity adsorbed 
on the protein or to a dissociable active 
group attached to the protein. In experi- 
ments in which a supposedly pure prepara- 
tion of influenza virus was separated into 
two fractions by centrifugation (Lauffer 
and Stanley, 1944), it was found that, al- 
though the two fractions appeared about 
the same in the electron microscope, the 
material in the upper portion proved to 
have a considerably higher viscosity than 
the material in the lower portion, Eventu- 
ally, a highly viscous impurity was found 
to be present, Although it proved difficult 
to separate this impurity from the virus by 
means of centrifugation, it was possible to 
remove it from the virus by means of elec- 
trophoresis or by adsorption on and elution 
from chicken red blood cells (Knight, 1944; 
Miller, Lauffer and Stanley, 1944). 

In contrast to centrifugation, which per- 
mits fractionation by virtue of movement 
of the virus in a centrifugal field, electro- 
phoresis achieves the same result through 
movement of the virus in an electrical field. 
If the pH range of stability of a given virus 
is sufficiently broad, the virus can be caused 
to migrate as either negatively or positively 
charged particles. If, following movement 
over appreciable distances and under dif- 
ferent conditions of pH, the specific virus 
activity per mg. of nitrogen or of protein 
nitrogen of different portions of the liquid 
remains unchanged, it may be concluded 
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that the preparation is homogeneous with 
respect to electrophoretic mobility. Since it 
is highly unlikely that the virus and an im- 
purity would migrate at exactly the same 
rate at different hydrogen ion concentra- 
tions, such results can be regarded as strong 
evidence that the virus preparation is pure. 
The argument is strengthened if similar 
results are obtained by centrifugation, Tests 
of this nature have been made with several 
virus preparations, including those of to- 
bacco mosaic (Eriksson-Quensel and Sved- 
berg, 1936), rabbit papilloma (Sharp et al., 
1942) and influenza (Miller et al., 1944). 

Although the sizes of practically all 
viruses for which there are suitable bio- 
logic tests have been determined by means 
of ultrafiltration, this technic has not been 
used extensively for the fractionation of 
purified virus preparations. Whenever the 
technic has been used, however, it has gen- 
erally proved satisfactory. Collodion filters 
which will just permit the virus to pass, or 
which will just retain the virus, are used to 
determine whether or not the preparation 
contains impurities possessing filtration 
characteristics different from that of the 
virus. As in the cases of centrifugation and 
electrophoresis, virus preparations at dif- 
ferent hydrogen ion concentrations can be 
tested. If the material passes through or is 
retained by filters under the same condi- 
tions under which the virus passes through 
or is retained, the results provide evidence 
that the material in question is actually the 
virus. It should be emphasized again that 
as many tests as possible involving chemi- 
cal, as well as physical, methods of frac- 
tionation should be made, for a single nega- 
tive result indicates only that the material 
is homogeneous under a given set of condi- 
tions. However, when attempts to fraction- 
ate the material by a variety of methods 
yield no evidence for the existence of an 
impurity, the burden of proof for the exist- 
ence of an impurity can be regarded as rest- 
ing upon those who wish to postulate its 
presence, 


CHARACTERIZATION OF 
VIRUS MATERIALS 


ULTRAFILTRATION 


The oldest physical procedure employed 
in the study of viruses is filtration. Bac- 
teriologists had learned early that bacteria 
could be retained by certain types of filters. 
Iwanowski (1892) observed that the etio- 
logic agent of tobacco mosaic was not re- 
tained by a filter which would hold back ali 
pathogenic bacteria then known. Later in 
the study of virus diseases, it was found 
that filters could be produced which would 
retain viruses. Allard (1916) found that, 
even though tobacco-mosaic virus would 
pass through a Berkefeld filter, it was held 
back by a Livingstone atometer porous 
cup. Since that time, filters graded for pore 
size have been made available, and these 
can be used for the determination of the 
approximate sizes of viruses (Elford, 1931; 
Ferry, 1936). 

The physical principles involved in ultra- 
filtration can be understood by comparing 
the process to the grading of sand. An easy 
way to estimate the size of sand grains is to 
find a sieve through which the grains of 
sand will just pass and then measure the 
size of the pores in the sieve. The process 
of determining the size of a virus by ultra- 
filtration is more complex than this, but the 
basic idea is essentially the same. 

Ultrafilters with various pore sizes can be 
made from collodion by varying the com- 
position of the solvent used. The average 
pore size for each filter can be determined. 
It was shown by Poiseuille that it is possible 
to measure the size of a capillary tube by 
determining the rate of flow of a liquid 
through it. The following equation shows 
the relationship between the volume of 
liquid, V, which will flow through a capil- 
lary tube in time, t, and the pressure, P, 
applied across the tube, the radius, r, and 
the length, 1, of the tube, and the Viscosity, 


|, of the liquid ze = cere 
t 8 ln 
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Obviously, if the length of the tube and 
the rate of flow through it under known 
pressure of a liquid of known viscosity are 
determined, one can calculate the radius of 
the tube. One can visualize a filter as being 
made up of a great many pores of cylin- 
drical nature. If all of the pores have the 
same radius, the volume of flow per unit 
time through the filter will be equal to that 
through a single capillary multiplied by the 
number of capillary pores. In order to de- 
termine the radius from such measurements, 
some method must be found for eliminating 
the uncertainty occasioned by lack of 
knowledge of the number of pores. This can 
be done by estimating the total pore space 
in the filter through a measurement of the 
volume of liquid, S, which the filter can 


tions can be expected to obtain in a filter 
made of a material like collodion, and there- 
fore the value of the radius obtained is noth- 
ing more than a kind of average. At best, 
it merely gives an estimate of the order of 
magnitude of the average pore size. 

In order to determine the size of a virus 
particle by means of ultrafiltration, one 
attempts to pass it through a series of filters, 
graded with respect to pore size. The size 
of the virus is then related to the size of 
the pores in the finest filter through which 
the particles will pass, Several complica- 
tions are encountered in filtration, It has 
been found necessary to use surface tension 
active substances, such as sodium oleate or 
nutrient broth in order to prevent clogging 
of the filters. Even when this is done, some 
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absorb. The volume of liquid is equal to 
the number of pores, n, times the volume of 
each pore, or n x rl, When this relation- 
ship is combined with the relationship for 
the flow of liquid through the membrane, 
one can see that the volume of liquid which 
should flow through a membrane in time, t, 
is given by the following equation: 

V _ SPr? 

t.. ale 

The length of the pores can be taken as 
the thickness of the filter, By determining 
all of the other quantities in this relation- 
ship, the radius of the pores can be calcu- 
lated. The value obtained is simply the 
radius that the pores in the filter would 
have if they were all cylinders of uniform 
circular cross section, None of these condi- 


materials known to be smaller than the 
pores will not pass. This is thought to be 
due, at least in part, to the surface electric 
charges of the filter and the particles. Elford 
has shown experimentally that there is no 
exact correspondence between the average 
pore size determined as indicated in the 
preceding paragraph and the size of the 
particles. Particularly is this true in the 
case of filters with very small average pore 
diameters. By passing colloidal particles 
with dimensions determined by other means 
through a graded series of filters, Elford 
(1933) obtained the data presented in 
Table 1 showing the approximate relation- 
ship between pore size and particle size. It 
can be seen that, for fine filters, the average 
pore size must be from two to three times 
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the particle diameter in order for the par- 
ticles to pass. For filters with large pores 
there is more nearly exact correspondence 
between average pore size and the size of 
the particles which will pass. 

Filtration has been applied to the de- 
termination of the particle size of many 
viruses. Many of the sizes indicated in 
Chart 1 were estimated by this method. The 
precision of the method can be evaluated 
by comparing sizes calculated from results 
of filtration with those obtained by other 
means. Elford and Andrewes (1932) filtered 
vaccinia virus and showed that it would just 
pass through a filter with an average pore 
diameter of 250 millimicrons. One can esti- 
mate, by using the correction factor shown 
in Table 1, that the diameter of the virus is 
between 125 and 175 mu. It has since been 
shown by means of the ultracentrifuge 
(Elford and Andrewes, 1936; Smadel et al., 
1938) that the diameter of vaccina virus is 
between 236 and 252 mu. Recent electron 
micrographs indicate that vaccina virus is 
a brick-shaped particle about 210 by 260 mu 
in size (Green, Anderson and Smadel, 1942). 
The diameter of influenza virus was deter- 
mined by filtration (Elford, Andrewes and 
Tang, 1936) to be between 80 and 120 mu, 
and electron microscope and _ ultracentrif- 
ugation studies have shown that it is about 
115 mu (Lauffer and Stanley, 1944; Sharp 
et al., 1944b, c). Ultrafiltration studies of 
Thornberry (1935) showed that tobacco- 
mosaic virus will just pass through a filter 
with an average pore diameter of 45 mu. 
It is now known that tobacco-mosaic virus 
is a rod-shaped body ; therefore, these filtra- 
tion results should indicate the diameter 
of the particle and they show it to be 
between 15 and 22 mu. X-ray diffraction 
studies have shown that the rod has a diam- 
eter of 15.2 mu (Bernal and Fankuchen, 
1941). These data are sufficient to indi- 
cate that the method of ultrafiltration can 
be used for an approximation of the size 
of a virus. However, it is apparent that no 
high degree of precision can be expected 
from this procedure, 
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DrFFUSION, ULTRACENTRIFUGATION, 
Viscosity AND DouBLE REFRACTION 


One of the important problems confront- 
ing those who study viruses is the determi- 
nation of the size and shape of the virus 
particles. It has already been shown how 
ultrafiltration can be used to obtain some 
idea of size. It is obvious that the electron 
microscope is admirably adapted to this 
end. However, until the electron microscope 
was developed, it was necessary to rely 
upon indirect methods of physics and physi- 
cal chemistry to gain knowledge of the 
physical nature of virus particles. Some of 
these are capable of providing information 
which cannot be obtained with the electron 
microscope. The methods involving ultra- 
centrifugation, diffusion, viscosity, and 
stream double refraction stand out for their 
utility. All of these involve the movement 
of a particle with respect to the medium in 
which it is suspended. The branch of physics 
known as hydrodynamics covers this field. 
From the way in which particles move in 
their surrounding medium, it is possible to 
determine something of the size and shape. 
It is the purpose of the following para- 
graphs to indicate how this is done. Both 
sedimentation and diffusion are processes 
which involve the linear displacement of a 
particle in a medium, The particle meets 
resistance in such movement, and this re- 
sistance is proportional to its friction co- 
efficient. Thus, in order to interpret dif- 
fusion and sedimentation results, it is 
necessary to understand something about 
this coefficient. 

Friction Coefficient. When a particle 
such as a protein molecule, a virus, or a 
bacterium moves through a medium such as 
Water, its motion is opposed by frictional 
resistance. The frictional force, F, acting 
on the particle is directly proportional to 
its velocity, v. The proportionality constant 
is called the friction coefficient and is usually 
symbolized by the letter, f. Therefore F — 
fv. The magnitude of the friction coefficient 
depends upon the viscosity of the liquid and 
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upon the size and shape of the moving par- 
ticle. According to Stokes’ law, the friction 
coefficient, f, of a spherical particle is equal 
to 6 ary where r is the radius and is the 
viscosity of the liquid, The viscosity of the 
liquid can be measured directly. Thus, one 
can calculate the radius of a particle from 
its coefficient of friction, 

If the particle is not spherical, it is more 
difficult to interpret the meaning of the 
friction coefficient. In this case, the coefti- 
cient is an intricate function of the various 
dimensions of the particle and of the vis- 
cosity of the liquid. The situation, however, 
is not entirely hopeless, for several simpli- 
fications can be made. It is possible to con- 
sider that most nonspherical particles are 
approximated in shape by ellipsoids of revo- 
lution, either rodlike or platelike. The rela- 
tions between the coefficient of friction and 
the dimensions for both flattened and elon- 
gated ellipsoids are fairly complex, but a 
simplification can be achieved by a mathe- 
matical manipulation. The ratio of the 
actual friction coefficient of an ellipsoid of 
revolution to the friction coefficient the 
particle would have if it were a sphere of 
the same volume, commonly called the 
friction ratio, is related only to the ratio 
of the long to the short dimension, It is 
possible to evaluate the friction ratio in 
some cases, and when this is done, it can 
be interpreted in terms of the ratio of the 
long dimension to the short dimension of 
the particle. The relationships between fric- 
tion ratio and axial ratio for both elongated 
and flattened ellipsoids of revolution are 
presented graphically in Chart 2. Since these 
relationships were derived by Herzog and 
his associates and by Perrin, the equations 
are known as the Herzog-Perrin equations. 
The actual measurement of friction coeffi- 
cients and friction ratios and their interpre- 
tation will be discussed in the following 
paragraphs. 

Diffusion. It is commonly known that 
if a layer of water is placed very carefully 
over a concentrated solution of a salt, such 


as copper sulfate, initially a very sharp 
line of demarcation the 
sulfate solution and the water can be ob- 
served. However, the copper sulfate will 
gradually intermingle with the water and 
eventually will be completely dispersed. 
This movement of the copper sulfate mole- 
cules is brought about by the process of 
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friction ratio (f/f,) and axial ratio 
(P) for elongated (eft) and flattened 
(right) ellipsoids of revolution. (Sved- 
berg, T., and Pedersen, kK. O., 1940, 
The Ultracentrifuge. Oxford, Claren- 
don Press.) 


diffusion. Materials tend to diffuse from a 
region in which they exist at a high con- 
centration into a region in which they exist 
at low concentration, The rate at which a 
particle diffuses is proportional to the con- 
centration gradient and to a characteristic 
of the particle known as the diffusion con- 
stant, D. According to Fick’s law, dS = 


de a 
— DQ a dt. where dS is the amount of 
dx 


material which will diffuse across an imagi- 


nary plane of area, Q, in time, dt, when the 
concentration gradient is dc/dx. Independ- 
ently, Einstein and Sutherland came to the 
conclusion that the diffusion constant of a 


particle is inversely proportional to its 


friction coefficient. D = \F- R is the gas 


constant, T is the absolute temperature, 
and N is Avogadro’s number. Thus, if the 
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diffusion constant of a material can be 
measured, the friction coefficient can be 
calculated directly. 

There are two generally-used methods for 
measuring the diffusion constant. The sim- 
pler involves placing a solution of the 
material in a vessel to which a thin, porous 
membrane has been sealed. A diagrammatic 
representation of such a diffusion cup is 
shown in Figure 7, This filled cell is then 
placed into contact with pure solvent. 
Through the process of diffusion, the parti- 
cles on the inside of the cup gradually pass 
out through the porous membrane into the 
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Fic. 7. Porous-membrane type of 
diffusion cell. (Scherp, H, W., 1933, 
The diffusion coefficient of crystalline 
trypsin, Journal of General Physiol- 
ogy, 16, 795-800.) 


solvent. The diffusion constant can be 
evaluated by measuring the ratio of the 
concentrations of diffusible material inside 
the porous cup and outside after a given 
period of time. This particular method has 
been described in detail by Northrop and 
Anson (1929) and was used by them to de- 
termine the diffusion constants of certain 
enzymes (Anson and Northrop, 1937) ec Tt 
has also been used by Hills and Vinson 


(1938) for the study of the diffusion of 
tobacco-mosaic virus. 

A second commonly-used method is to 
place a solution of diffusible material in 
direct contact with the solvent. This must 
be done with great care in order to insure 
a sharp boundary between the solution and 
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Fic. 8. A diffusion cell. (A, Aj) 
Stainless steel blocks; (B, B,) Glass 
windows; (C, C,) Bracket; (D, D,) 
Bracket screws; (E) Frame; (F) Cell 
holder; (G) Screw for moving A;; 
(H) Clamp; (I, II) Openings to cell; 
(K) Screw for holding B, B,;. (Neu- 
rath, H., 1941, An improved cell for 
optical diffusion measurements on 
solutions. Science, 93, 431-432.) 


the solvent. Several sorts of apparatus have 
been designed to accomplish this (Lamm, 
1937). Figure 8 is a representation of the 
diffusion cell of Neurath (1941, 1942), 
After the initial boundary between the 
diffusing material and the solvent has been 
established, it will gradually become foggy 
because of the diffusion of particles from 
the solution into the solvent. Thus, there 
will be a gradual change in concentration 
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between the solution and the solvent. This 
gradual change in concentration can be 
determined by various optical methods, 
and from the exact nature of the change 
in concentration after a fixed period of 
time, it is possible to calculate the diffusion 
constant of the material. This method 
has been applied to the study of several 
viruses. Neurath and Saum (1938) first 
attempted the measurement of the dif- 
fusion constant of tobacco-mosaic virus. 
Later, Neurath and Cooper (1940) used it 
to measure the diffusion constant of 
tomato-bushy-stunt virus. Lauffer (1944) 
attempted to evaluate the diffusion con- 
stant of tobacco-mosaic virus and finally 
Miller and Price (1946a) used the method 
to obtain the diffusion constant for south- 
ern-bean-mosaic virus. 

Interpretation of the diffusion constant of 
tomato-bushy-stunt virus and of southern- 
bean-mosaic virus is fairly direct and 
straightforward. It is known from electron 
microscope data and from other types of 
information that are 
essentially spherical (Stanley and Ander- 
son, 1941; Price et al., 1945). The diffusion 
constant of bushy-stunt-virus was found to 
have a value of 1.15 x 10-7 cm?/sec. in a 
solvent which has a viscosity equal to that 
of water at 20° C, (Neurath and Cooper, 
1940). From this, a value of 3.49 x 107? 
e/sec, can be calculated for the friction 
coefficient by using the Einstein-Sutherland 
equation. By making use of this value and 
the value for the viscosity of water at 
20° C., the radius of bushy-stunt virus can 
be calculated directly according to Stokes’ 
law. A value of 18.5 x 107-7 cm. was ob- 
tained. The diffusion constant of southern- 
bean-mosaic virus was found to have a 
value of 1.39 x 10-7 in a solvent having the 
viscosity of water at 20°C. (Miller and 
Price, 1946a). In a like manner, the friction 
coefficient and then the radius of this parti- 
cle can be evaluated. It has a radius of 
15.3 x 10-7 cm. In the case of tobacco- 
mosaic virus, the diffusion constant obtained 
by Lauffer (1944) is 5.3 x 10-* and the 


these two viruses 
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friction coefficient is 7.64 x 10-7. However, 
it is known that tobacco-mosaic virus is not 
spherical, and, therefore, it is not possible 
to interpret the friction coefficient directly 
in terms of the size of the particle. 
Sedimentation. Another method of get- 
ting at the value for the friction coefficient 
of a particle is through the study of its 
sedimentation rate. However, unlike diffu- 
sion rate, sedimentation rate does not de- 
pend solely upon the friction coefficient. 
When a particle moves through a viscous 
medium under the influence of a centrifugal 
or gravitational field, it is subjected to two 
forces, an accelerating force equal to the 
product of the effective mass and the ac- 
celeration of the field, and a force of resist- 
ance which, as was shown previously, is 
equal to the product of the velocity of the 
particle and its friction coefficient. When 
these two forces are exactly equal, the par- 
ticle sediments with a uniform velocity. 
Under such conditions one can write the 


d, 
vm, (: ~ 5) ; 
equation s=—>=__ d ,in which v 
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is the velocity of the particle, f is its friction 
coefficient, g is the acceleration of the field, 
s is the sedimentation constant defined as 
the rate of sedimentation in a field with 
unit acceleration, m, is the mass of the par- 
ticle, and d, and d are the densities of the 
particle and of the liquid, respectively. This 
equation states that the sedimentation con- 
stant of a particle is directly proportional 
to the mass of the particle corrected for the 
buoyancy of the liquid and inversely pro- 
portional to the coefficient of friction. 

It is possible to measure the sedimenta- 
tion constant by observing the rate at which 
the particle moves in a field of known ac- 
celeration. One merely divides the observed 
velocity by the acceleration to determine 
the sedimentation constant. The magnitude 
of the field in a centrifuge, expressed in 
dynes per gram, is equal to (2xn)*x, where 
n is the number of revolutions per second 
and x is the distance in centimeters from 
the particle to the axis of rotation. 



















Fic. 9 (Top). Photograph showing details of 
vacuum chamber and driving mechanism of air- 
driven ultracentrifuge. (1) Steel cylinder of 
vacuum chamber; (2) Air inlet to driving jets; 
(3) Air bearing inlet; (4) Oil inlet; (5) Ele- 
vated flooring of vacuum chamber; (6) Oil drain 
from upper bearing; (7) Air piston of reversing 
mechanism; (8) Upper end plate of vacuum 
chamber; (9) Rotor; (10) Device for measuring 
rotor temperature; (11) Electromagnetic shut- 
ter; (12) Lower end plate of vacuum chamber : 
(13) Steel supports of centrifuge chamber, 
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In an ultracentrifugation experiment, the 
virus preparation to be studied, usually at 
a concentration of from 0.1 to 1 per cent, is 
placed in a small cell with optically perfect 
quartz windows, and this cell is placed in 
the rotor of the centrifuge. The rotor is then 
spun at a known high speed. Figure 9 
(top) shows an assembly of the air-driven 
ultracentrifuge. When the centrifuge is ro- 
tated, the particles generally sediment 
toward the periphery. If all the particles 
have exactly the same size, shape, and 
density, they will all sediment at exactly 
the same rate. Thus, the particles which 
were initially at the position nearest the 
axis of rotation will sediment toward the 
periphery at the same rate as all the other 
particles in the solution, but there will be 
no other particles to follow them. Thus, 
they will constitute a boundary between 
a position where there are particles and a 
position where there is nothing but sol- 
vent. This is true in exactly the same 
sense as the last car in a train constitutes 
a boundary between the positions where 
there are cars and where there is none. 
The boundary between solvent and solution 
migrates toward the periphery at the rate 
of each particle. If the material in the 
preparation consists of two kinds of homo- 
geneous particles with different sedimenta- 
tion rates, two boundaries will appear. If a 
large number of types of particles with 
slightly different sedimentation rates are 
present, a single boundary, which gets very 
foggy as sedimentation progresses, will ap- 
pear. Thus, the centrifuge can be used to 
determine homogeneity. 

There are special optical methods which 
make it possible to detect a boundary be- 
tween a solution and its solvent, most of 
which depend upon the fact that there is a 
refractive index gradient at such a bound- 
ary. The optical apparatus illustrated in 
Figure 9 (bottom) is of this sort. The 
centrifuge is arranged in such a way that 
the cell in which sedimentation is taking 
place passes over the optical path once dur- 
ing each revolution. Thus, in a single second 


one obtains n exposures of the cell, Pictures 
can be made at various time intervals. Each 
picture will show the position of the bound- 
ary at the time of the exposure. By meas- 
uring the distance between the boundary 
positions for two successive exposures with 
a known time interval, it is possible to 
determine how far the boundary moved in 
a known time. From this, one can calculate 
the velocity of migration of the boundary 
and hence the velocity of migration of each 
particle. When this is divided by the cen- 
trifugal acceleration, one obtains the value 
for the sedimentation constant. 

It is relatively simple to interpret the 
sedimentation constant of a spherical parti- 
cle, because both the mass of the particle 
and the friction coefficient are directly de- 
pendent upon the radius. Hence, one can 
determine the radius of a spherical particle 
directly from its sedimentation constant. 
The only additional data needed are the 
density of the solvent and the density of 
the particle. The density of the solvent can 
be determined by weighing a known vol- 
ume. The density of the dissolved material 
can be determined in several ways. The 
simplest method is to calculate it from the 
weight and the volume of a dry prepara- 
tion. However, it is quite probable that the 
density of a biologic particle, such as a 
protein molecule or a virus particle, is not 
the same in solution as in the dry state. 
This is probably due principally to the asso- 
ciation of water with these particles when 
in solution, Thus, the density in a liquid 
medium is intermediate between the dry 
density and the density of water, and its 
exact value will depend upon the amount 
of water associated with the particle. 

The ultracentrifuge can be used to de- 
termine the density of a virus particle in 


d, 
solution. The equation s= eee: 





shows that the sedimentation constant de- 
pends upon the density of the solvent. If a 
particle is suspended in a medium which has 
exactly the same density as the particle 
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itself, it will not sediment, no matter how 
great the magnitude of the centrifugal field. 
Therefore, if one measured the sedimenta- 
tion rate of a virus in solvents of different 
densities, one might expect to find a solvent 
of such density that the virus will not sedi- 
ment. In this solvent, the virus has the 
same density as has the solvent itself. 
Numerous investigators have attempted to 
determine the density of viruses in solution 
by sedimenting them in solvents composed 
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method has a conspicuous limitation, Su- 
crose solutions have very high osmotic 
pressure and for this reason, it is probable 
that, in a concentrated sucrose solution, a 
virus particle has less water associated with 
it than in a solvent which contains no 
sucrose. Therefore, the virus particle in the 
absence of sucrose probably contains more 
water and has a correspondingly lower den- 
sity than in a concentrated sucrose solution. 
Sharp and associates (1944a; 1945) used 
serum albumin solutions of different densi- 
ties as a solvent for sedimentation experi- 
ments. Serum albumin has a high molecular 
weight and therefore a low osmotic pres- 
sure. Hence, it is less likely that water 
would be withdrawn from virus particles in 
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Cuart 3. Sedimentation rates of influenza (left) and tobacco-mosaic (right) 


viruses in serum albumin solutions of 


different densities. (Sharp, D. G., Taylor, A. 


R., McLean, I. W., Jr., Beard, D., and Beard, J. W., 1944, Density and size of in- 


fluenza virus A (PR8 strain) in solution. Science, 100, 151-153. Schachman, H. K. 
and Lauffer, M. A., 1948, The hydration, size and shape of tobacco mosaic virus. 
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Journal of the American Chemical Society. In press.) 


of sucrose solutions of different densities. 
The method was first used by MacCallum 
and Oppenheimer (1922) to estimate the 
density of vaccinia virus, Elford and An- 
drewes (1936) found that influenza virus 
has a sedimentation constant of zero in a 
Sugar solution with a density of about 1.2. 
This same method of approach was used by 
Smadel, Pickels and Shedlovsky (1938) on 
vaccinia virus and by Lauffer and Stanley 


(1944) on influenza virus. However, the 


a serum albumin solution than in a sucrose 
solution of the same density. In Chart 3 
are presented data obtained by Sharp and 
associates (1944a; 1945) and by Schachman 
and Lauffer (1948) on the sedimentation 
of influenza and tobacco-mosaic viruses in 
serum albumin solutions of various densi- 
ties. These data can be extrapolated to the 
densities at which the sedimentation rates 
would be zero. These are the densities of 
influenza and tobacco-mosaic Virus, respec- 


CHARACTERIZATION OF VIRUS MATERIALS 39 


tively, in solution, In the case of tobacco- 
mosaic virus the density of the particles in 
solution was found to be 1.13, whereas in 
the case of influenza virus the value found 
was 1.10. Electron micrographs show con- 
clusively that influenza virus is essentially 
spherical. When the value for the density of 
the particle, 1.10, and the value of the 
sedimentation constant, which was deter- 
mined by Lauffer and Stanley (1944) and 
also by Sharp and associates (1944a), are 
substituted in the equation for the sedimen- 
tation of spherical particles, the diameter of 
the influenza particle in solution can be 
calculated to be 115 x 107-7 cm. In the cases 
of two other spherical viruses, tomato- 
bushy-stunt virus (Lauffer and Stanley, 
1940) and southern-bean-mosaic — virus 
(Miller and Price, 1946a), sedimentation 
data, as well as data which make possible 
the calculation of the density of the virus 
particles in solution, are available. From 
these densities and the sedimentation con- 
stants, it is possible to calculate directly the 
radii of the spherical particles as they exist 
in solution, Values of 18 and 16 mw are 
obtained for the tomato-bushy-stunt and 
southern-bean-mosaic viruses, respectively. 

When one attempts to measure and to 
interpret the sedimentation constant of non- 
spherical particles considerable difficulty is 
encountered. The measurement is compli- 
cated by the fact that the sedimentation 
constant depends upon the concentration. 
Lauffer (1944) showed that the reciprocal 
of the sedimentation constant of tobacco- 
mosaic virus is related, by the equation of 
a straight line, to the concentration of 
virus. In interpretation, it is necessary to 
obtain the sedimentation constant at infinite 
dilution. Lauffer showed that this can be 
done by extrapolation of the data or by 
applying a correction for the viscosity of 
the virus solution. 

The interpretation is difficult because 
both the coefficient of friction and the mass 
of a nonspherical particle are complex func- 
tions of the dimensions of the particle. 
However, a method has been evolved which 


makes it possible to determine the size of 
such particles even though the shape is not 
known, It will be recalled that both the 
sedimentation constant and the diffusion 
constant of particles are inversely propor- 
tional to the friction coefficient, Therefore, 
the ratio of the sedimentation constant to 
the diffusion constant must be independent 
of the friction coefficient. This ratio is, 
therefore, proportional only to the mass of 
the particle corrected for buoyancy. These 
ideas can be summarized by the Svedberg 


P i RTs 
equation: M = ——">———_ —.. Thus, from 
D (1 — d,/d) 
measurements of the sedimentation con- 


stant, the diffusion constant, and the density 
of a particle in solution, it is possible to 
calculate its molecular weight regardless of 
its shape. 

It is even possible to determine the shape 
of a particle from sedimentation and dif- 
fusion data, If the molecular weight of the 
particle in solution is determined accurately 
from sedimentation, diffusion, and density 
data, then it is a simple problem in solid 
geometry to calculate the volume of such 
a hydrated particle. Next, one can calcu- 
late the radius that this hydrated particle 
would have if it were a sphere, and then, 
using Stokes’ law, one can determine the 
friction coefficient the particle would have 
if it were a sphere. The actual friction co- 
efficient of the particle can be determined 
from its diffusion constant, Thus, the fric- 
tion ratio of the particle can be evaluated. 
The friction ratio has already been shown 
to be dependent upon the ratio of the dimen- 
sions of the ellipsoid of revolution which 
approximates the particle, and, therefore, 
one can evaluate this ratio, If one knows 
the total volume of a particle and also the 
ratio of length to thickness, it is a simple 
matter to calculate the actual dimensions 
of the particle. This sort of approach was 
used to determine the dimensions of to- 
bacco-mosaic virus (Lauffer, 1944). The 
molecular weight was first determined from 
sedimentation and diffusion data, and then 
the shape was determined in the manner 
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just indicated. Values were obtained which 
are in reasonable agreement with those indi- 
cated by the electron microscope. One pre- 
caution must be observed in utilizing this 
method of approach. The actual density of 
the particle in solution must be used in 
these considerations; otherwise, an incor- 
rect estimate of the shape of the particle is 
obtained. Until recently, such density values 
were not available, and thus some of the 
early calculations of shapes from sedimenta- 
tion and diffusion data were somewhat in 
error. Recently, Schachman and Lauffer 
(1948) calculated the size and shape of 
tobacco-mosaic virus by several methods on 
the basis of its experimentally determined 
density in solution, corresponding to a par- 
ticle containing 65 per cent water by vol- 
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Fic. 10. Longitudinal and cross- 
sectional views of separation cell. 





ume. Excellent agreement was obtained 
between the values yielded by viscosity and 
sedimentation data and direct measure- 
ments obtained by electron microscopy. 
The ultracentrifuge can also be used to 
help establish the relationship between 
particles in a purified preparation and the 
virus. In the manner just described, the 
sedimentation constant of a physical entity 
can be measured. The determination is 
purely physical in its nature, and it charac. 
terizes only the physical particles which one 
has obtained. However, there is available a 
device known as the separation cell, de- 
signed by Tiselius, Pederson and Svedberg 
(1937), of which a diagrammatic represen- 
tation is shown in Figure 10. By means of 
this cell measurements of the sedimentation 
rate of the entity bearing virus activity can 
be made; the material to be studied is 
placed in the cell and is then spun at high 





speed. As the particles bearing virus activity 
sediment toward the periphery, they pass 
through the barrier located in the center of 
the cell. After a certain period of sedimenta- 
tion, it is possible to stop the centrifuge 
and to withdraw the contents from the two 
sides of the barrier for biologic analysis. 
From the relative amounts of biologic 
activity in the upper and lower compart- 
ments, it is possible to calculate the sedi- 
mentation rate of the entity bearing virus 
activity. This figure can be compared with 
the value obtained by wholly physical means 
for the sedimentation constant of the par- 
ticles. If the two coincide, one has strong 
evidence that the virus activity is actually 
a property of the isolated particles, and 
that the particle, therefore, is the virus. 
Evidence of this nature has been obtained 
for tobacco-mosaic virus (Lauffer, 1943a) 
and influenza virus (Lauffer and Miller, 
1944), In the case of tobacco-mosaic virus, 
it was found that the infectious agent sedi- 
mented at a rate which was indistinguish- 
able from that of the particle, 15 by 280 mu 
in size. In the case of influenza virus, it was 
found that both the ability to infect and the 
ability to agglutinate red blood cells sedi- 
mented at a rate indistinguishable from that 
of the particle, 115 mu in diameter, com- 
monly regarded as influenza virus. In both 
cases, therefore, a reasonably strong case 
can be made for the assumption that virus 
activity is an integral characteristic of the 
particle involved. 

Viscosity. It is possible to learn some- 
thing about the shape and the state of 
hydration of particles, such as viruses, 
through the study of the viscosity of their 
solutions. Viscosity can be defined in gen- 
eral terms as the amounts of energy that 
must be expended in order to maintain a 
certain rate of flow in a liquid, and is gen- 
erally measured by determining the time 
required for a certain volume of a liquid to 
flow through a capillary tube. It is also 
sometimes measured by determining the 
rate at which a spherical ball settles 
through the liquid or by determining the 
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drag on one of two concentric cylinders 
when the space between them is filled with 
the liquid and the other cylinder is rotated 
at constant velocity. If 1, is the viscosity 
of a solvent, and 1 the viscosity of a solu- 
tion of particles, such as those of a virus, 
in that solvent, then »/», is the relative 
viscosity of the solution. The quantity, 
n/No — | is defined as the specific viscosity. 
Both relative and specific viscosities depend 
upon the volume concentration of the dis- 
solved or suspended material. Specific vis- 
cosity divided by volume concentration is, 
therefore, a characteristic of the dissolved 
or suspended material. When this quantity 
is evaluated for an extremely dilute solu- 
tion, it is given the name, intrinsic viscosity, 
[4]. The intrinsic viscosity of a material, 
such as a virus, can be interpreted in terms 
of its hydration and shape. Einstein showed 
that the intrinsic viscosity of a solution or 
suspension of spherical particles should be 
equal to 2.5, or stated slightly differently, 
the specific viscosity of a very dilute solu- 
tion of spheres should be equal to 2.5 times 
the volume concentration. Thus, if one 
measures the specific viscosity of a suspen- 
sion of spheres, one can evaluate the total 
volume occupied by these spheres in the 
solution. From the weight and the density 
of the dry matter in the solution, one can 
calculate what the total volume of the mate- 
rial would be if there were no hydration. 
From the difference between the volume 
obtained by viscosity and that obtained 
from the dry weight of the dissolved or 
suspended material, one can determine how 
much water is associated with each unit 
weight of the dry material. This method has 
been used to determine the hydration of 
‘nfluenza virus (Lauffer and Stanley, 1944) 
and southern-bean-mosaic virus (Miller and 
Price, 1946a). In both cases, values were 
found which were in reasonable agreement 
with those obtained by other studies. 
When the dissolved or suspended parti- 
cles are not spherical but rod-shaped or 
plate-shaped, then the intrinsic viscosity 
depends upon the shape of the particle. 


Simha (1940) derived equations which show 
how the ratio of length to thickness of a 
rod-shaped particle and the ratio of diam- 
eter to thickness of a plate-shaped particle 
can be calculated from intrinsic viscosity. 
These relationships are presented graphi- 
cally in Chart 4, Lauffer (1944) studied the 
intrinsic viscosity of tobacco-mosaic virus 
and, from the data, calculated the ratio of 
length to thickness of the virus on the 
assumption that it was not hydrated, Values 
were obtained which were in fair agreement 
with those found with the electron micro- 
scope. Better agreement was obtained when 
the calculations were based on a hydrated 
particle containing 65 per cent water by 
volume (Schachman and Lauffer, 1948). A 
similar equation can be used to calculate 
the ratio of diameter to thickness of a flat- 
tened particle from the intrinsic viscosity. 
Thus, it is necessary to know whether a 
particle is elongated or flattened in shape 
in order to interpret its intrinsic viscosity. 
It is also necessary to know the extent of 
hydration, for, otherwise, the calculations 
can be in error. 

Stream Double Refraction. Double re- 
fraction is a property of many crystalline 
bodies, best illustrated by the familiar cal- 
cite or Iceland spar crystal. When a spot 
of light is viewed through such a crystal, it 
appears as two spots separated by a certain 
distance. This occurs because the light 
coming from the spot to the eye is broken 
into two beams which are refracted or bent 
to different degrees. The property of double 
refraction can be detected most readily by 
examining the object between crossed Polar- 
oid plates or crossed Nicol prisms. When 
it is oriented in certain ways, it appears 
to be illuminated against a dark back- 
ground. It has long been known that when 
certain colloidal solutions, such as a vana- 
dium pentoxide sol, are caused to flow 
through a_ capillary tube, they become 
double refracting. This double refraction of 
flow can be caused by internal strains in the 
liquid, commonly referred to as the photo- 
elastic effect, or by the orientation of rod- 
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shaped or plate-shaped particles in the flow- 
ing stream. If the double refraction of the 
flowing liquid persists after the liquid leaves 
the capillary tube, it provides evidence that 
the double refraction of flow is not due to 
the photoelastic effect. If the entire path 
of the flowing stream is double-refracting, 
it provides evidence that the stream double 
refraction is due to the orientation of rod- 
shaped particles, for, in the case of plate- 
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solutions of several other strains of tobacco- 
mosaic virus, exhibited stream double re- 
fraction, Purified preparations of the virus 
of latent-mosaic of potato also showed 
double refraction of flow. The double re- 
fraction of flow was shown to be due to the 
orientation of rod-shaped particles and not 
to the photoelastic effect. Figure 11 shows 
a stream of tobacco-mosaic-virus solution 
flowing from a pipette photographed be- 


50 100 


Cuart 4. Intrinsic viscosity as a function of axial ratio for 
rodlike and platelike ellipsoids of revolution. 


shaped particles, only the edges of the flow- 
ing stream are double-refracting, 
Takahashi and Rawlins (1932, 1937) 
noted that the juice of tobacco-mosaic- 
diseased plants exhibited stream double re- 
fraction and that the entire path of the juice 
was double-refracting, They concluded that 
the infective agent of the tobacco-mosaic 
disease was composed of or associated with 
rod-shaped particles. Following the isola- 
tion of purified tobacco-mosaic virus, Lauf- 
fer and Stanley (1938) demonstrated that 
solutions of the purified virus, as well as 


tween crossed and parallel Polaroid plates. 
The stream photographed between crossed 
Polaroid plates appears to be illuminated 
against a dark background. The interpreta- 
tion of this phenomenon is that the rod- 
shaped, tobacco-mosaic-virus particles are 
lined up more or less parallel to each other 
by the stream lines in the flowing liquid. 
When these particles are orientated in this 
manner they resemble a crystal to a certain 
extent. This pseudocrystalline nature of the 
virus solution during flow is responsible for 
the double refraction of flow. 
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ELECTRON MICROSCOPE 
One of the most useful physical tools that 
can be brought to bear upon the study of 
viruses is the electron microscope ( Zworykin 
et al., 1945). With this instrument it has 
been possible to obtain micrographs of many 
viruses, In order to understand the electron 


microscope, it is necessary to consider the 


limitations of the optical microscope and 
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a point light source, such as a distant star, 
is produced, one does not obtain a point 
image but rather a circle surrounded by sev- 
eral fainter rings, The circular disc is called 
the circle of contusion, If two point sources 
of light are very close together, their circles 
of confusion will overlap. If they overlap 
too much, the two point sources will appear 
source. In general, unless the 


as a single 





Fic. 11 (Left). Double refracting stream of tobacco-mosaic virus solu 
tion photographed between crossed Polaroid plates arranged so that the 


vibration direction of each plate makes an angle of 45 


with the dire tion 


of flow. (Right) Same system photographed between parallel Polaroid 
plates (Lauffer, M. A., and Stanley, W. M., 1938, Stream double refrac- 


tion of virus proteins. Journal of Biological Chemistry, /25, 50% 


also to examine some of the fundamental 


properties of electrons. 


There is no theoretical upper limit to the 


magnification which can be achieved by 


lenses using ordinary light. However, there 


‘s a theoretical lower limit to the size of an 
object which can be distinguished by optical 
means. When light is converged by a lens, 
a certain amount of diffraction is inevitable, 
because light passing through different por- 
tions of the lens will be in slightly different 
phases. The result is that when an image of 
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two points are far enough apart so that the 
center of one circle of confusion lies outside 
the other, the two points cannot be resolved 

Whether or not the two circles of con 
fusion in the image can be distinguished 
depends upon the distance between them, 
the wave length, A, of light, and a property 
of the lens called the numerical aperture, 
N.A. The numerical aperture is defined ap 
proximately as the ratio of the radius of a 
lens to its focal length. The distance be- 


tween two points which are just resolvable 
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a: oe 
is approximately equal to SNA: It is im- 


possible to construct a lens with a numerical 
aperture very much greater than 1.5, There- 
fore, the minimum resolvable distance be- 
tween two points on the object must be 


5 . . 
about or the wave length of light. Since 


ordinary light has a wave length of around 
5,000 A the smallest distance that can be 
resolved is about 2,000 A or 200 mu. Most 
viruses have diameters shorter than this fig- 


ure, hence they cannot be seen with the. 


ordinary microscope. However, they can be 
seen with the electron microscope. 

The electron microscope depends for its 
operation upon the facts that a stream of 
electrons moving at high velocity behaves 
like a beam of light of very short wave 
length, that matter scatters electrons, and 
that an electron stream can be focused by 
magnetic or electrostatic fields, The elec- 
tron microscope is in many ways analogous 
to the light microscope. It differs princi- 
pally in that an electron gun replaces the 
light source, a stream of electrons replaces 
the beam of light, electromagnets take the 
place of the lenses, and either a fluorescent 
screen or a photographic plate replaces the 
retina of the eye for the formation of the 
final image. In the most commonly used 
form, the electron gun is at the top of the 
instrument, It operates at a potential usu- 
ally around 60,000 volts. Just beneath the 
electron gun is an electromagnet which is 
analogous to the condensing lens in a micro- 
scope. It focuses the stream of electrons 
upon the object. The object in this case is 
placed upon a very thin film of collodion or 
some similar material supported by a fine 
wire mesh, Just beyond the position of the 
specimen is a second electromagnet which 
corresponds to the objective lens in a micro- 
scope. It forms a real image of the object 
just in front of the third electromagnet. 
This electromagnet corresponds to the pro- 
jecting lens in a microscope arranged for 
making photomicrographs, Its function is to 
focus the final image upon the photographic 


plate or upon the fluorescent screen, The 
fluorescent screen enables the electron image 
to be viewed directly. Focusing with the 
electron microscope differs slightly from 
focusing with the optical microscope. The 
focal length of the electromagnetic lens de- 
pends upon the current flowing through the 
coils. Hence, the focusing is accomplished 
by adjusting the focal length through con- 
trol of the current in the magnets. 

In the back part of the microscope com- 
plicated electric circuits provide steady cur- 
rents for the lens and a high potential for 
the electron gun. Since electrons cannot 
penetrate air, the whole electron path must 
be in a vacuum. Devices must be available 
for introducing the photographic plate and 
also the object into the system from which 
air has been removed. This imposes a limi- 
tation on the usefulness of the electron 
microscope, for it is very difficult to obtain 
images of anything other than thoroughly 
dried material. 

The theoretical lower limit of resolution 
with the electron microscope is a small 
fraction of an Angstrom unit. However, in 
practice, it is difficult to obtain resolution 
better than 10 to 100 A. The reason for this 
is that no method has yet been discovered 
for producing a magnetic lens with a high 
numerical aperture. Electron microscopes, 
however, do have resolutions which make 
possible the micrographing of particles with 
sizes in the range in which all known viruses 
fall. Therefore, it has been of tremendous 
value in advancing knowledge of the nature 
of viruses, 

Electrons are scattered by matter, hence 
when a stream of electrons impinges upon 
an object, the electrons will be scattered 
and will not be able to enter the field of 
the objective magnetic lens. Therefore, the 
position on the image corresponding to the 
position of the particle on the specimen will 
appear dark, Thus, the electron image is 
essentially a shadow. The extent to which 
matter scatters electrons depends upon its 
density. A material with high density, such 
as gold, scatters electrons much more read- 


CHARACTERIZATION OF 


Detail of lead- 
im wire and 
insulator 





Scale - inches 


SSS ——— 
1% '2440 L 






Variable 
transformer 





Step-down 
transformer 


VIRUS MATERIALS 45 


8 ° 





Top view, 
PS showing 
positions 
of 4 slide 
holders 














aise Tungsten 
filament 


Evaporating 
chamber 
(slide holders 
not shown ~ 
see top view & 
sketch of holder) 














1 
Air inlet — agar 















Sketch of holder for 
slides, with variable 
angle adjustment 


apt Ft 8 
to 







. 
Drying i Y/ p 4 
tube " 7 3 ( is 
{ 
J —— a 
| -, ———" Water 
mechanical ieee 
pump 
| = Water-cooled 
Water oil diffusion 
inlet pump 
+ Heater 
110 v. A.C. _ en 


Scale - inches 


+ , 1 r 1 | 
5 10 


Fic. 12. Schematic representation of device for metal-shadowing mounts for the 
electron microscope. 


ily than does a material with low density, 
such as protein. In the electron microscope 
the specimen is supported by a very thin 
film of collodion or similar material. Since 
this film tends to scatter electrons to a cer- 
tain extent, the background illumination 
appears gray instead of white. When a virus 
particle is placed on such a film, it scatters 
electrons only a little bit more effectively 
than does the film itself. Hence, an electron 
micrograph of a virus shows dark gray 


shadows on a light gray background. In 
general, the contrast is not very good, 

One method of improving contrast is to 
allow the virus to react with a compound 
of some heavy element before micrograph- 
ing. This is essentially a staining technic. 
Another technic has been developed whereby 
a very thin film of gold or some other metal 
is evaporated at an angle onto the specimen 
mounted on the supporting film (Miiller, 
1942; Williams and Wyckoff, 1944). This 
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is carried out by placing the specimen in a 
vacuum chamber equipped with a tungsten 
filament on which a piece of the material 
to be evaporated is placed. A diagram of 
the apparatus used at The Rockefeller Insti- 
tute at Princeton, N. J., is shown in Figure 
12. When the tungsten filament is heated 
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Fic. 13 (Upper). Purified 
x26,800. (Green et al., 





preparations of elementary bodies of vaccinia. 
1942, Journal of Experimental Medicine, 75, 651- 


film lying just behind the virus particle will 
be protected from the molecules of the 
metal. That is, the particle will, in effect, 
cast a shadow. When such a specimen is 
examined in the electron microscope, these 
shadows show up in very strong contrast. 
The appearance of the specimen under these 





656.) (Lower). Purified preparation of tobacco-mosaic virus. x41,600. 
(Stanley, W. M., and Anderson, T. F., 1941, Journal of Biological Chem- 


istry, 139, 325-338.) 


with an electric current, the metal is evapo- 
rated, and the particles of the metal shoot 
off in straight lines, If the specimen is held 
at an angle to the direction in which the 
molecules of the metal are shooting, it will 
be coated with a very thin film of the metal. 
However, the film of metal will not be 
entirely uniform, Since the virus particles 
have thickness, the part of the collodion 


circumstances is analogous to that which is 
obtained when a landscape is photographed 
in the early morning or the late evening ; 
a strong impression of a third dimensional 
effect is produced. Most of the more recent 
electron micrographs of viruses have been 
made by the metal-shadowing technic. 
Results Obtained with Electron Micro- 
scope. The improvement in the pictures of 
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viruses taken by means of the electron 
microscope during the past nine years pro- 
vides striking testimony to the advances 
that have been made in the microscope itself 
and in the technics involved in its use, Con- 
trast in early pictures was poor, providing 
only a general idea of the size and shape 
of virus particles. With the improvement of 
the microscope better pictures were ob- 
tained. Figure 13 shows pictures of vaccinia 
and tobacco-mosaic viruses taken with the 
RCA electron microscope in 1942 and 1941, 
upper and lower respectively. Treatment of 
viruses or of the electron-microscope mounts 
of viruses with materials such as calcium 
chloride or phosphotungstic acid was found 
useful as a means of increasing contrast. 
Figure 14 shows pictures of the eastern 
strain of equine encephalomyelitis virus and 
the Ts bacteriophage following treatment 
with dilute calcium chloride and phospho- 
tungstic acid, upper and lower respectively. 
The electron microscope has been used 
to secure pictures of protein molecules 
(Stanley and Anderson, 1942) and to study 
the reaction between viruses and their anti- 
sera (Anderson and Stanley, 1941). Figure 
15 shows a picture of a mixture of the rod- 
shaped tobacco-mosaic and the spherically- 
shaped tomato-bushy-stunt viruses follow- 
ing treatment with antiserum to the bushy- 
stunt virus. It can be seen that the rod- 
shaped tobacco-mosaic-virus particles are 
not aggregated whereas the particles of 
bushy-stunt virus are clumped together. 
The application of the metal-shadow- 
casting technic to problems of electron 
microscopy was a notable advance for it 
provided better contrast, better definition of 
virus particles, and the impression of a 
three dimensional effect. Six of the 8 pic- 
tures in the frontispiece were obtained by 
means of this technic. Figure 16 shows 
pictures of influenza vaccine obtained with- 
out and with this technic. Figure 17 is a 
picture of the juice freshly expressed from 
tobacco-mosaic-diseased Turkish tobacco 


plants. 
It is obvious that means are now at hand 


for detailed studies of a wide variety on 
virus preparations (Luria et al., 1943; Lor- 
ing et al., 1946), Studies should be made 
on both purified and unpurified virus prepa- 
rations under different conditions and _ fol- 
lowing various chemical and physical treat- 
ments. Many viruses which have not yet 





Fic. 14 (Upper). Purified prepara- 
tion of eastern strain of equine ence- 
phalomyelitis virus treated with 0.023 
molar calcium chloride. x30,600. 
(Sharp, et al., 1943, Archives of Path- 
ology, 36, 167-176.) (Lower). Puri- 
fied preparation of Ty bacteriophage 
treated with phosphotungstic acid. 
x30,600, (Sigurgeirsson, T., and Stan- 
ley, W. M., unpublished.) 


been examined by means of the electron 
microscope should be studied, especially 
those which are not readily transmitted 
mechanically or which are transmitted by a 
specific insect vector. The possibility of 
using the electron microscope as a diag- 
nostic aid should be explored thoroughly, 
especially since, during the past few years, 
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means have been found for securing very 
thin tissue slices suitable for direct exami- 
nation in the electron microscope (Fullam 
and Gessler, 1946). 


X-RAY DIFFRACTION AND IRRADIATION 


When a flattened beam of light coming 
from a narrow slit is passed through a dif- 
fraction grating, which consists of a glass 
plate containing a series of fine scratches 
very close together, and is then focused 
upon a screen, the image of the light source 


beam is diffracted. The crystal can be con- 
sidered as a three dimensional diffraction 
grating, because the individual molecules 
are arranged in a regular three dimensional 
network. The type of diffraction pattern 
produced with such a three dimensional dif- 
fraction grating is far more complex than 
that produced by a two dimensional grating 
consisting of ruled lines on a glass plate. 
A great number of spots will be obtained 
on the photographic plate in the three 
dimensional case. However, the distance 





Fic. 15. A mixture of purified preparations of tobacco-mosaic and 
tomato-bushy-stunt viruses following treatment with antiserum to tomato- 


bushy-stunt virus. x29,000. (Stanley, W. M., 


1941, Chemical properties 


of viruses. Scientific Monthly, 53, 197-210.) 


is found to consist of a series of lines. The 
central line will be the brightest and will 
be the principal image of the slit-light 
source. Above and below it will be other 
images of lower intensity. The distance be- 
tween the successive images depends upon 
the distance between the diffraction grating 
and the screen, upon the distance between 
the lines on the diffraction grating, and 
upon the wave length of the light. If one 
knows the wave length of the light and the 
distance between the grating and the 
screen, one can calculate the distance 
between the lines on the grating, 

In a somewhat analogous way, when an 
X-ray beam is passed through a crystal, the 


between the principal image of the light 
source and these spots is related to the dis- 
tance between molecules in the crystal in 
much the same way as the distance between 
the lines on a simple diffraction grating is 
related to the scratches on the plate. Thus, 
from an X-ray diffraction pattern of a crys- 
tal, one can measure the distance between 
molecules in that crystal. If it is assumed 
that the molecules are tightly packed in the 
crystal, then one can assume that the diam- 
eter of the molecule is equal to the shortest 
distance between molecules. Hence from 
X-ray diffraction patterns obtained on crys- 
tals, one can calculate molecular sizes, 
Many proteins and some viruses have been 
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obtained in crystalline form. X-ray dif- 
fraction patterns can be obtained with pro- 
tein crystals and also with virus crystals, 
and from these it is possible to determine 


the maximum size of the particle. The X-ray 
method has been used by Bernal and Fan- 
kuchen (1941) to size of the 
tomato-bushy-stunt virus and also to deter- 


assess the 





Fic. 16. Electron micrographs of centrifuge-type influenza 


vaccine prepared from PRS8, 
by a biologic manufacturing 
graph by ordinary technic, 

casting technic. 


(Stanley, W. 


Lee and Weiss influenza viruses 
company. x30,000. (Top) Micro- 
(Bottom) Micrograph by shadow- 


M., 1946, The efficiency of 


different Sharples centrifuge bowls in the concentration of to- 


. 


bacco-mosaic and influenza viruses. Journal of Immunology, 53, 


179-189.) 
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Fic. 17, Gold-shadow-cast electron micrograph of juice freshly 
expressed from tobacco-mosaic-diseased Turkish tobacco plants. 
x21,000. (Sigurgeirsson, T., and Stanley, W. M., 1947, Electron 
microscope studies on tobacco-mosaic virus. Phytopathology, 37, 


26-28.) 


mine the diameter of the tobacco-mosaic- 
virus rods, Figure 18 represents diagram- 
matically the view of Bernal and Fankuchen 
relative to the arrangement of rod-shaped 
tobacco-mosaic-virus particles in the rod- 
like crystals of the virus. The particles are 
arranged with perfect hexagonal symmetry 
with respect to cross section, but with no 
regularity with respect to length. The dis- 
tance of closest approach between parallel 
rods, 15.2mu, represents an estimate of the 
diameter of a tobacco-mosaic-virus rod. 
Irradiation can be used in another way 
to determine the size of a virus. It is pos- 
sible to inactivate a virus by subjecting it 
to the action of various types of radiations. 
Ultraviolet light, X-rays, and gamma rays 
have been used for such purposes. It is gen- 
erally believed that viruses are inactivated 
by the production of ion clusters due to the 
collision of a particle of radiation or a 
photon with an atom, It is possible to de- 
termine the number of ion clusters pro- 
duced by a given dose of radiation. If the 
volume of a virus particle is known, it is 


possible to calculate the probability that 
one of these ion clusters occurs within the 
virus particle itself. If it is assumed that 
the virus will become inactivated if such 
a cluster occurs within it, then the extent 
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Fic, 18. Longitudinal and cross- 
sectional representations of arrange- 
ment of rod-shaped tobacco-mosaic 
virus in rodlike crystals. (Lauffer, 
M. A., and Stanley, W. M., 1939, The 
physical chemistry of tobacco-mosaic 
virus protein. Chemical Reviews, 24, 


303-321.) 


of the inactivation of the virus should be 
equal to the probability of an ion cluster 
occurring in the small volume equal to the 
size of the particle. Conversely, if one 
measures the extent of inactivation pro- 
duced by a known amount of radiation, one 
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should be able to calculate the volume of 
that portion of the virus particle sensitive 
to radiation. If the entire particle is sensi- 
tive, that volume should equal the volume 
of the virus. If only a portion of the virus 
particle is sensitive to radiation, the irradi- 
ation technic should indicate a volume less 
than the total volume of the virus particle. 
Luria and Exner (1941) were able to show 
that the radiation-sensitive volumes of sev- 
eral bacteriophages were of the same order 
of magnitude as the volumes determined by 
physical means, This result is of consider- 
able importance because it demonstrates 
that the physical entity normally considered 
to be the bacteriophage particle is not made 
up of an aggregate of smaller active units. 
Lea and Smith (1942) and other investiga- 
tors have carried out similar studies on 
tobacco-mosaic virus, and found that the 
radiation-sensitive volume was about 10 per 
cent of the total volume of a rod 15 by 280 
mu in size, 


Osmotic PRESSURE AND RELATED 
PHENOMENA 


There are certain indirect physicochemi- 
cal methods which can be used to count the 
number of particles in a given volume. The 
mass of particulate matter can be deter- 
mined readily if the preparation happens 
to be pure. Therefore, with a measure of 
the amount of material per unit volume and 
the number of particles per unit volume, 
one can determine the mass of a single 
particle. It is well known that the osmotic 
pressure, the freezing point depression and 
the vapor pressure lowering of a solution 
depend only upon the number of particles 
dissolved or dispersed in the solvent. One 
virus particle will have exactly the same 
effect as one molecule of sugar or one ion of 
a salt, The osmotic pressure method is the 
only one which is applicable to large par- 
ticles, such as protein molecules. The 
earliest estimate of the size of purified 
tobacco-mosaic virus was derived from the 
observation that it had an extremely low 
osmotic pressure (Stanley, 1935). The 


method is not particularly well adapted to 
the study of viruses, however, because of 
the fact that the osmotic pressures of virus 
suspensions are extremely low, and _ are, 
therefore, difficult to measure with reason- 
able precision, 


Licgut SCATTERING MeEtTHops 


Oster (1946) has used the method of light 
scattering in order to determine the size of 
several viruses. In one sense, this method 
involves the counting of particles. Particles 
too small to be resolved by light neverthe- 
less may scatter light. The extent of scatter- 
ing depends upon several factors, among 
which are the number of particles in a unit 
volume and the square of the volume of 
each particle. The product of these two 
terms is equal to the volume concentration 
of the material multiplied by the volume of 
a single particle. Thus, from light scattering 
measurements and measurements of the con- 
centration of material, it is possible to de- 
termine the volume of a particle, Oster has 
used this method successfully with influenza 
virus and tomato-bushy-stunt virus, The ex- 
perimental arrangement can be very simple. 
Most of the scattered light will not be trans- 
mitted through the solution in its original 
direction. Thus, the difference between the 
intensity of light transmitted by a disper- 
sion of virus particles and that transmitted 
by the solvent will be an approximate meas- 
ure of the amount of light scattered, The 
transmitted light can be measured in an 
ordinary laboratory colorimeter, Thus, the 
method of light scattering involves only 
apparatus which is commonly available in 
clinical laboratories, and it does give satis- 
factory results for the size of spherical 
viruses, The method has also been used to 
determine the size, shape and interaction of 
tobacco-mosaic-virus particles (Oster, Doty 
and Zimm, 1947). 


ELECTROPHORESIS 


Viruses, because of their chemical com- 
position, possess carboxyl and amino groups 
on their surfaces and possibly other groups 





52 CHEMICAL AND PHYSICAL PROCEDURES 


capable of ionizing as acids or as bases. The 
dissociation of carboxyl and other acidic 
groups is suppressed by the addition of 
strong acids to the medium, The addition 
of strong bases causes the suppression of 
the ionization of the amino and other basic 
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Fic. 19. The Tiselius electrophoresis 
cell. (Lauffer, M. A., and Price, W, C., 
1947, Electrophoretic purification of 
Southern bean mosaic virus, Archives 
of Biochemistry, 75, 115-124.) 


groups. Thus, it can be seen that the rela- 
tive degree of dissociation of the acidic and 
the basic groups on the surface of a virus 
particle depends upon the pH of the me- 
dium. If a surface has many more dissoci- 
ated acidic groups than basic groups, it will 
possess an overall negative electric charge, 
and it will behave like a giant polyvalent 


negative ion. On the other hand, if the 
particle contains an excess of ionized basic 
groups, it will have a net positive charge 
and will behave like a large polyvalent basic 
ion. When the protein contains an equal 
number of dissociated acidic and_ basic 
groups, it will have a net electric charge of 
zero and will be in the isoelectric state. The 
pH value of the medium in which the pro- 
tein is in the isoelectric state is called the 
isoelectric point. 

An electric current is carried through a 
solution of ions by the migration of the ions. 
Charged macromolecules also migrate in an 
electric field and thereby help to transport 
current. The velocity of migration of the 
macromolecules per unit of field strength, 
generally called the electrophoretic mobil- 
ity, depends upon the net charge which is 
a function of pH, upon the electrolyte con- 
centration and viscosity of the medium, and 
upon the size and shape of the charged par- 
ticles. Since the surface chemical composi- 
tion and the size and shape of various pro- 
teins and viruses differ widely, it is only 
natural that individual proteins and viruses 
have distinctive mobilities in the same 
solvent. Thus, electrophoretic mobility can 
be used as a means of identifying a protein 
or a virus and also as a means of separating 
it from other proteins. 

Electrophoresis experiments are usually 
carried out in the Tiselius apparatus (Tisel- 
ius, 1937; Longsworth, 1942), the essen- 
tial features of which are shown in Figure 
19. It consists of a U-shaped channel of 
rectangular cross section connected at each 
end to a nonpolarizable electrode. The 
U-shaped channel is made in sections, each 
mounted on ground glass plates. These can 
be moved mechanically in such a Way as to 
divide the U channel into several isolated 
compartments. When a protein or virus 
solution is to be studied, it is poured into 
the U channel until the lower two side sec- 
tions are completely filled and the top 
sections are partly filled. Then the lower 
Side sections are displaced with respect to 
the top sections in order to isolate them. 
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The virus or the protein solution is then 
removed from the two top-side sections and 
is replaced with a medium identical with 
that in which the protein or virus is dis- 
solved. The electrodes are connected with 
the top portion of the U channel and the 
whole system is closed in order to prevent 
movement due to the effect of gravity. 
Finally, the lower side sections of the U 
tube are moved back to their position di- 
rectly under the top sections. This causes 
the establishment of two very sharp boun- 
daries between the virus solution and the 
solvent medium, The electrodes are con- 
nected to a source of electric potential and 
current is sent through the U tube. If the 
protein or virus particles have a net nega- 
tive charge, they will migrate toward the 
positive electrode. If all of the virus or 
protein particles are identical, all will 
migrate at the same rate. Thus, the sharp 
boundary between protein and solvent will 
be maintained, because all of the protein 
particles in the region will move toward 
the positive electrode at the same rate. The 
boundary will rise in the positive side of 
the U tube and descend in the negative side. 
The U tube is placed in a thermostatically 
controlled water bath equipped with a spe- 
cialized optical system which enables the 
boundary to be seen. Thus, the rate of 
migration of the boundary can be deter- 
mined by merely noting its displacement in 
a fixed period of time. If more than one type 
of protein is present, the initial boundary 
between protein and medium will separate 
into two or more boundaries, each of which 
will migrate at a different rate. 
Electrophoresis has been used to purify 
viruses. Price (1946) observed that some 
preparations of southern-bean-mosaic virus 
contained a dark brown pigment which 
could not be removed readily. It was found 
by Lauffer and Price (1947) that in a 0.02 
M phosphate buffer at pH 7, this pigment 
migrated more rapidly in the Tiselius elec- 
trophoresis apparatus than did the south- 
ern-bean-mosaic virus. By making use of 
this principle, it was possible to separate the 


pigment from the virus and to obtain a virus 
preparation which was essentially free from 
colored material. 

The electrophoresis apparatus can also 
be used for determining the homogeneity 
of a virus preparation, If the virus prepara- 
tion contains appreciable amounts of other 
proteinlike components, more than one 
boundary will be observed. Therefore, if 
only one boundary is observed, this con- 
stitutes evidence that the virus preparation 
is essentially pure. If all of the migrating 
particles are absolutely identical with re- 
spect to size, shape, and electric constitu- 
tion, the boundary will remain relatively 
sharp as it migrates. However, if the prep- 
aration consists of a distribution of particles 
with a distribution of electrophoretic mo- 
bilities, the boundary will tend to become 
foggy or diffuse as it migrates. Thus, from 
the character of the observed boundary one 
can infer something of the nature of the 
protein or virus particles. 

One of the characteristic physical con- 
stants by which a protein or virus can be 
identified is its isoelectric point. Since the 
material has zero net charge at the isoelec- 
tric point, it will not migrate either to the 
positive or the negative electrode in an 
electrophoresis apparatus. The isoelectric 
point can be determined by measuring the 
electrophoretic mobility in buffers with dif- 
ferent pH values. The isoelectric point will 
be the pH value of that buffer in which the 
protein or virus does not migrate in an elec- 
tric field, Tobacco-mosaic virus, PRS in- 
fluenza A virus, tomato-bushy-stunt virus, 
and rabbit-papilloma virus have all been 
shown to be electrochemically homogen- 
eous. Their isoelectric points have the 
values indicated in Table 2. 

Electrophoresis can also be used to help 
establish the identity between a particle and 
the infectious entity. As was shown previ- 
ously, it is possible to determine, by optical 
means, the rate at which particles migrate 
in an electric field, It is possible to carry 
out the experiment in such a way that frac- 
tions can be obtained for biologic analysis. 
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TABLE 2 














VIRUS IsoELECTRIC Pont PH 
Tobacco mosaic ........... 3.49 
PR8 influenza A 5.30 
Tomato bushy stunt ....... 4.11 
Rabbit papilloma . ee 5.0 
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From such analyses, it is possible to deter- 
mine the rate of migration of the biologic 
activity in an electric field. If this turns out 
to be the same, within experimental error, 
as the rate of migration of the physical 
entity, then one has strong evidence that 
virus activity is an integral property of that 
entity, and that, therefore, the physical unit 
may be the virus itself. Evidence of this 
sort was obtained in the case of the red 
blood cell precipitating activity of influenza 
virus. It was found that this activity mi- 
grated in an electric field with the same rate 
as the particles commonly regarded as the 
influenza virus particle (Miller et al., 1944). 


CHEMISTRY 


Chemical Analysis. Elementary chemi- 
cal analyses have been made on purified 
preparations of several viruses and several 
strains of the same virus, but the results 
cannot be regarded as highly significant, 
since, in many cases, the analyses for dif- 
ferent viruses were very similar, due appar- 
ently to the fact that many viruses are 
nucleoproteins. The plant viruses appear to 
be the least complex chemically, for all 
which have been purified have been found 
to be simple nucleoproteins, The amount of 
nucleic acid has been found to vary from 
about 6 per cent in the case of tobacco- 
mosaic virus to about 40 per cent in the 
case of tobacco-ring-spot virus (Bawden 
and Pirie, 1937a; Stanley, 1939: Stanley 
and Loring, 1939; Ross and Stanley, 1939). 
The Shope rabbit-papilloma virus appears 
to contain about 1.5 per cent of lipid in 
addition to nucleoprotein (Taylor et al., 
1942). Influenza virus has been found to 
contain in addition to nucleoprotein, a 
polysaccharide composed of mannose, galac- 


tose and glucosamine units, and_ lipid 
(Knight, 1947a). Equine encephalomyelitis 
virus was found to contain large amounts 
of lipid in the form of phospholipid, choles- 
terol and neutral fat (Beard, 1945). The 
results of elementary analyses and analyses 
for special components are given in Table 3. 
It can be seen that the viruses which have 
been purified and studied have been found 
to consist of various combinations of nucleic 
acid and protein with lipid, extranucleic acid 
carbohydrate or certain other components 
which are present in some instances. Thus 
far, only pentose nucleic acid has been 
found in the plant viruses, while either pen- 
tose nucleic acid, or desoxypentose nucleic 
acid, or both have been reported to be 
present in animal viruses. The rdle which 
nucleic acid plays in virus activity is ob- 
scure, but the fact that nucleic acid has 
been found in all viruses so far examined 
cannot be ignored. 

Because of the rather drastic methods 
that have been employed to secure the 
nucleic acid components of viruses, it is 
probable that most of these preparations 
have been altered considerably. For ex- 
ample, in the case of tobacco-mosaic virus, 
the nucleic acid obtained by alkali treat- 
ment was found to be only slightly viscous 
and to possess a molecular weight of about 
15,000, while the nucleic acid obtained by 
heat treatment was found to be very viscous, 
spontaneously birefringent and to possess 
a molecular weight of about 300,000 (Cohen 
and Stanley, 1942). The nucleic acid com- 
ponent of tobacco-mosaic virus has been 
studied in some detail (Loring, 1939; 
Schwerdt and Loring, 1947). It was con- 
cluded that at least three of the component 
nucleotides were identical with those of 


CHARACTERIZATION OF VIRUS MATERIALS 39 


TABLE 3. ANALYSES FOR THE ELEMENTS AND FOR CERTAIN COMPONENTS OF 
PuRIFIED VIRUS PREPARATIONS 








15.8 0.54-0.6 0.0-0.84 94 6 
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Virus C H N P 
Alfalfa mosaic . 53.8 6.7 16.2 1.4 
Cucumber 
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Potato latent 
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Rabbit papil- 
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Equine enceph- 


olomyelitis 62.2 9.2 7.7 2.2 
Influenza ...... 53 10 9 
Newcastle dis- 

ASHE 2. wk hes 51.8 9.9 0.85 
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Stanley, 1941) 
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Hoagland et al., 
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5 (Taylor, 1946) 
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yeast nucleic acid. However, much more 
work on the structure of virus nucleic acids 
is needed, for nucleic acid structure may 
eventually prove of the greatest importance 
in connection with virus activity. Since the 
transforming agent of pneumococcus can be 
regarded as possessing viruslike activity, 
the fact that this agent appears to be a 
desoxyribonucleic acid has provided addi- 
tional impetus to studies of nucleic acid 
structure (Avery, MacLeod and McCarty, 
1944). 

A finding of considerable significance was 
that, although all strains of tobacco-mosaic 
virus contained the same amount of nucleic 


acid, as indicated by phosphorus analyses, 
they possessed different chemical properties 
(Stanley, 1937a; 1943). Furthermore, the 
properties of different preparations of to- 
bacco-mosaic virus obtained at different 
times of the year and even from different 
kinds of hosts were found to be identical 
by all tests applied (Stanley and Loring, 
1936: Stanley, 1938b; Gaw and Stanley, 
1947), It seemed possible, therefore, that 
the chemical differences between the strains 
might reside in differences in the protein 
components. Accordingly, studies were in- 
augurated on the amino acid composition 
of different strains of tobacco-mosaic virus. 
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The first studies, made by isolation and 
colorimetric methods, were later supple- 
mented by microbiologic methods of anal- 
ysis (Ross and Stanley, 1939; Ross, 1941b, 
1942; Knight, 1942b, 1947c). The results 
which have been obtained are presented in 
Table 4. It can be seen that the differences 
in the composition of the eight strains in- 
volved sixteen of the nineteen amino acids 


that there is a correlation between the num- 
ber of demonstrable chemical changes and 
the degree of relationship of the virus 
strains, Thus, the HR strain, which was 
found to differ chemically in many respects 
from tobacco-mosaic virus, is almost cer- 
tainly a distant relative of the latter in 
view of the fact that representatives of its 
type have not been observed among the 


TABLE 4. AMINO AciIpD CONTENTS oF HIGHLY PURIFIED PREPARATIONS OF 
SoME STRAINS oF Topacco-Mosaic Virus* 











AMINO AcID TMV? M J14D1 GA YA HR CV3 CV4 MDt 
Alanine .. ; ofa 52 4.8 Gall 5.1 64 6.1 0.2 
Arginine Jae oe 9.8 9.9 10.0 LI 2 9.9 9.3 3 0.2 
Aspartic Acid . HESS) 13.5 13.4 13H, 13.8 12.6 13.1 0.2 
Cysteine 0.69 0.67 0.64 0.60 0.60 0.70 0 0 
Cystine wee: 0 0 0 0 
Glutamic Acid 13° 1S 104 Ais 1 ees 64 6.5 0.2 
Glycme 2... rt A, Li 1.9 1.9 1.8 ES: LZ 1b) 0.1 
Histidine : a 0 0 0 0 0.72 0 (0) 0.01 
Isoleucine ..... LO i freenl ss 6.7 6.6 Sf, SW 5.9 5.4 4.6 0.2 
Leucine ....... Sos 9.3 9.4 9.2 9.4 9.0 9.3 9.4 0.2 
1) a ioc eeee ae 2 1.47 1.49 1.95 1.45 1.47 hie | Zoo 2.43 0.04 
Methionine _... real 0 ) 0 0 0 Pd 0 0 0.1 
Phenylalanine |. 8.4 8.4 8.4 8.3 8.4 5.4 9.9 9.8 0.2 
Proline .. ee ee 5.8 5.9 BES 5.8 Ber 5.5 Su7. 0.2 
9: 2 re re fhe 7.0 6.8 7.0 the! aif 9.3 9.4 0.3 
‘ERTCORINE |. <= bs. ch cece 9.9 10.1 10.0 10.4 10.1 8.2 6.9 7.0 0.1 
Tryptophane ......... Seka! 252 272 rye Zl 14 0.5 0.5 0.1 
Tyrosine —, 0. es. BeOS Hh: 3.8 3.9 Sar Str 6.8 3.8 Sey/ 0.1 
Valine. a5 yet Pee es 9.0 8.9 8.8 9.1 6.2 8.8 8.9 OZ 


* The values given in the table represent percentages of the indicated amino acids. In order to facilitate 
comparison, the values which are considered to differ significantly from those of TMV are set in italics. 


t TMV, tobacco-mosaic virus; M, Holmes’ 


masked strain; GA, green aucuba; YA, yellow aucuba; HR, 


Holmes’ ribgrass; CV3, cucumber virus 3; CV4, cucumber virus 4. 


t Mean deviation of the values of single 


determinations 
to 5 preparations of each strain were analyzed for ea 
results were averaged to give the figures presented in 


from the averages given in the table. Three 


ch amino acid, with the exception of cysteine, and the 
the table. 


(Knight, C. A., 1947, The nature of some of the chemical differences among strains of tobacco-mosaic 


virus. Journal of 


Biological Chemistry, 171-297-308.) 





that were determined. In some cases, a 
strain is characterized by changes in the 
amount of one or more amino acids, in other 
cases by the presence of an entirely new 
amino acid, and in still other cases by the 
absence of an amino acid that is present in 
tobacco-mosaic virus. The results indicate 
that the mutation of a virus can be ac- 
companied by changes in the amount of one 
or more amino acids, by the introduction 
of a new amino acid or by the elimination 
of an amino acid. The results also suggest 


many mutants of tobacco-mosaic virus. On 
the other hand, the J14D1 strain was pre- 
sumably obtained directly from tobacco- 
mosaic virus as a result of only two suc- 
cessive mutations: and it may be highly 
Significant that only two differences in com- 
position were found, Since the J14D1 strain 
always kills young Turkish tobacco or 
tomato plants whereas tobacco-mosaic virus 
usually does not, it is obvious that small 
changes in chemical structure can be ac- 
companied by marked changes in virulence. 
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Fic. 20. Gold-shadow-cast electron micrographs of eight strains of tobacco-mosaic 
virus. x20,800 (Knight, C. A., and Oster, G., 1947, The size of the particles of some 
strains of tobacco-mosaic virus as shown by the electron microscope, Archives of 


Biochemistry, 15, 289-294.) 


Despite the profound differences in compo- 
sition that have been found in strains of 
tobacco-mosaic virus, the particles of these 
strains appear to have the same size and 
shape. Figure 20 is an electron micrograph 
which shows the particles of eight strains 
of tobacco-mosaic virus, It would appear 
that despite the differences in composition 
some general directive force is effective dur- 
ing the construction of these virus par- 
ticles. 

Amino acid analyses have also been made 
on highly purified preparations of the PR8 
strain of influenza A virus and of the Lee 
strain of influenza B virus (Knight, 1947b). 


Although purified tobacco-mosaic virus and 
its strains were found to be immunochemi- 
cally unrelated to the proteins of the normal 
hosts used to produce the viruses, the in- 
fluenza viruses were found to be immuno- 
chemically related to materials present in 
the hosts (Chester, 1935; Knight, 1946a, b; 
Gaw and Stanley, 1947; Malkiel, 1947). 
Nevertheless, the compositions of the PR& 
and Lee influenza viruses were so character- 
istic that they could undoubtedly be used 
for purposes of identification. These two 
strains were found to contain approximately 
the same amounts of alanine, aspartic acid, 
glycine, histidine, isoleucine, leucine, methi- 
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onine, phenylalanine, proline, serine, threo- 
nine and valine. However, significant and 
characteristic differences were found in the 
amounts of arginine, glutamic acid, lysine, 
tryptophane and tyrosine. These differences 
might well be responsible, at least in part, 
for the lack of immunologic relationship 
between the strains, for their different pH 
stability ranges (Miller, 1944), for their 
different red cell agglutinating capacities 
(Knight, 1946a), and for their widely diver- 
gent heat stabilities (Salk, 1946). As a 
whole, the preliminary results that have 
been obtained in the amino acid analyses of 
strains of tobacco-mosaic virus provide in- 
formation of great potential significance. 
The mutation of a virus to form a new virus 
strain is not so mysterious as it was a few 
years ago. However, much remains to be 
investigated, but the importance of the gen- 
eral problem of virus mutation, as well as 
mutation in higher organisms, is so great 
that research work in this direction will 
undoubtedly be pushed forward with the 
greatest vigor. 

Chemical Modification. As purified virus 
materials of definite chemical composition 
became available, the possibility of chang- 
ing the chemical structure of these mate- 
rials by means of known chemical reactants 
became apparent. For example, tobacco- 
mosaic virus was found to possess certain 
functional groups, such as carboxyl, amino, 
sulfhydryl, phenolic and_ indolic groups, 
which in ordinary molecules are susceptible 
to different kinds of chemical reactions. It 
appeared of prime importance to determine 
the nature of chemical changes which re- 
sulted in a loss of virus activity, to deter- 
mine whether or not these changes could 
be reversed, and especially to determine 
whether or not a change in chemical struc- 
ture could be made which would be ac- 
companied, not by a loss, but by a change 
in the nature of the biologic activity. The 
latter approach appeared especially attrac- 
tive because of the possibility of securing 
heritable chemical changes in the structure 
of a virus. If the infecting particles of a 


chemically modified virus serve as exact 
models for reproduction, one would expect 
to isolate chemically modified virus from 
the infected host. The accomplishment of 
such a feat would, of course, correspond to 
the directed mutation of a virus in vitro. 
If, on the other hand, infection with chem- 
ically modified virus resulted in the pro- 
duction of ordinary virus, it might be con- 
cluded that the structural changes were 
reversed within the cells of the host, or that 
the portion of the virus structure involved 
in the chemical modification was unim- 
portant in the reactions involved in virus 
reproduction. 

In early studies on the inactivation of 
tobacco-mosaic virus, it was found that 
treatment with hydrogen peroxide, formal- 
dehyde or nitrous acid yielded inactive 
virus which still retained certain charac- 
teristic chemical and serologic properties 
(Stanley, 1936a). The reaction with form- 
aldehyde was studied in some detail by Ross 
and Stanley (1938) who found that the in- 
activation was accompanied by a decrease 
in amino groups and in groups which react 
with Folin’s reagent at pH 7.7. Of consider- 
able importance was the finding that when 
virus, which was partially inactivated by 
formaldehyde, was dialyzed at pH 3, a 
greater number of lesions was obtained than 
in the case of the material not subjected to 
this treatment. This was interpreted to 
mean that the virus was reactivated by 
dialysis. The activity of pH 3 dialyzed virus 
was generally about tenfold greater than 
that of the virus not subjected to this treat- 
ment. This difference was also found to be 
accompanied by differences in amino nitro- 
gen and in the groups that react with Folin’s 
reagent. Kassanis and Kleczkowski (1944) 
also studied the reaction between tobacco- 
mosaic virus and formaldehyde, and after 
carrying out experiments similar to, but not 
identical with, those of Ross and Stanley, 
reported that they were unable to secure 
reactivation of formolized virus. However, 
the experiments of Ross and Stanley have 
been repeated and the results confirmed in 
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another laboratory (Fischer and Lauffer, 
1947). 

Anson and Stanley (1941) reported that 
the sulfhydryl groups of tobacco-mosaic 
virus could be oxidized with iodine without 
changing the specific virus activity, but 
that the inoculation of this oxidized virus 
in Turkish tobacco plants resulted in the 
production of ordinary tobacco-mosaic virus. 
Miller and Stanley (1941, 1942) found that 
chemical derivatives of tobacco-mosaic 
virus could be obtained by treatment with 
ketene, phenyl isocyanate, carbobenzoxy 
chloride, p-chlorobenzoy! chloride and ben- 
zenesulfonyl chloride. About 70 per cent of 
the amino groups and about 20 per cent of 
the phenol plus indole groups of the virus 
could be covered without significant inacti- 
vation of the virus. Further coverage was 
accompanied by considerable loss of virus 
activity. It is of interest that the coverage 
of functional groups which can be accom- 
plished without change in specific virus ac- 
tivity, as measured on leaves of Nicotiana 
glutinosa, corresponds to about 3,000 amino 
groups and 2,000 to 4,000 phenolic groups 
per molecule of tobacco-mosaic virus. It is 
of further interest that the disease caused 
by these chemical derivatives in Turkish 
tobacco plants was indistinguishable from 
the ordinary tobacco-mosaic disease, and 
that the virus isolated from such plants was 
indistinguishable from ordinary tobacco- 
mosaic virus. It was concluded that the 
chemical derivatives were converted into 
ordinary virus within the cells of the host 
or that the infecting molecules may not 
necessarily serve as exact patterns for re- 
production. In view of the chemical sta- 
bility and unusual nature of some of the 
chemical changes, the second possibility ap- 
pears to be the more probable one. One 
finding of potential importance was obtained 
when the specific virus activity of the chem- 
ical derivatives was tested on different kinds 
of host plants. It was found that, when 
tested on leaves of the bean, Phaseolus 
vulgaris, the derivatives showed a signifi- 
cantly lower specific activity than when 


tested on leaves of Nicotiana glutinosa. The 
results provided the first indication that, 
upon the formation of a chemical derivative 
of the virus, a property of the virus, which 
perhaps can best be described as virulence, 
can remain unchanged for one host, but be 
modified with respect to another, It is 
obvious that attempts should be made to 
secure other types of chemically modified 
viruses, possibly some similar to naturally 
occurring strains, for such changes might 
have a profound effect on virus activity and 
yield virus derivatives which might prove 
very useful. Eventually it may prove pos- 
sible to secure definite chemical changes in 
the structure of a virus in the test tube 
which will be heritable (Stanley, 1941b). 

The use of stable and radioactive isotopes 
in research work on viruses will doubtless 
yield important results, Stanley (1942b) 
and Schramm, Born and Lang (1942) have 
already prepared tobacco-mosaic virus con- 
taining radioactive phosphorus. Although 
the phosphorus of the virus was stable in 
vitro, it was found to be dissociable within 
plant cells, hence the virus containing radio- 
active phosphorus did not prove useful in 
connection with experiments designed to 
yield information concerning the mode of 
virus reproduction. 


KINETICS OF DISINTEGRATION 


When tobacco-mosaic virus is subjected 
to the action of high temperatures, ex- 
tremely high pressures, and chemical agents 
such as urea, acids, and bases, it is broken 
up, with the loss of nucleic acid, into small 
noninfectious fragments which are no longer 
soluble in dilute salt solutions. The kinetics 
of these disintegration reactions has been 
studied in some detail. The study of the 
kinetics of a reaction is the study of the 
rate at which the reaction takes place and 
of the manner in which that rate can be 
changed. The process of disintegrating 
tobacco-mosaic-virus protein at high tem- 
peratures proceeds in an orderly manner 
as is shown in Chart 5 (Lauffer and Price, 
1940). When the logarithm of the amount 
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of unchanged virus is plotted against the 
time of heating, a straight line is obtained. 
This means that in equal time intervals 
equal fractions of the residual unchanged 
virus protein will be changed into the dis- 
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CuHart 5. The manner in which the 
amount of undenatured tobacco- 
mosaic virus varies with time of heat- 
ing. (Lauffer, M. A., and Price, W. C., 
1940, Thermal denaturation of to- 
bacco-mosaic virus. Journal of Bio- 
logical Chemistry, 173, 1-15.) 


integrated form. A process which takes 
place in this manner is called a first order 
reaction. The slope of the straight line ob- 
tained when the natural logarithm of 
amount remaining is plotted against time 
is called the specific reaction rate for the 
reaction under the particular conditions 
studied. It was found that the specific 
reaction rate for the disintegration of 
tobacco-mosaic virus varies with the tem- 
perature when all other conditions are 
maintained constant. When the logarithm 
of the specific reaction rate of most chemi- 
cal reactions is plotted against the reciprocal 
of the absolute temperature, a straight time 
is obtained. The results shown in Chart 6 
indicate that the same is true of tobacco- 
mosaic virus, 

Present-day theories of reaction kinetics 
are in essential agreement in that most of 
them include the assumption that in order 
for a molecule to react, it must first pass 
into a highly activated state. When it is in 


this highly activated state, it then has the 
option of either reacting or passing back 
into the normal state. Molecules in this 
activated or high-energy state are thought 
to be in equilibrium with the molecules in 
the normal state, and a simple mass action 
equation with a characteristic equilibrium 
constant can be written for this equilibrium. 
It is believed that when the temperature is 
raised, the equilibrium is shifted so that at 
a given time a higher proportion will be in 
the activated state. Thus, a higher propor- 
tion will be able to change over into the 
reacted form in a given time. Hence, the 
reaction is speeded up. This represents a 
possible explanation of the influence of tem- 
perature upon reaction rates. 

It has been found that tobacco-mosaic 
virus is disintegrated very much more 
rapidly at extremely high pressures than 
at ordinary pressures (Lauffer and Dow, 
1941). That is, even though the virus is 
perfectly stable at 30° C. at atmospheric 
pressure, it will disintegrate if it is sub- 
jected to a pressure of from 5,000 to 10,000 
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Cuart 6. The manner in which the 
rate of denaturation of tobacco-mosaic 
virus varies with temperature for two 
different concentrations, (Lauffer, M. 
A., and Price, W. C., 1940, Thermal 
denaturation of tobacco-mosaic virus. 


Journal of Biological Chemistry, 173, 
1-15.) 


atmospheres at 30°C. The course of the 
disintegration at high pressures has been 
shown to be of the first order, The effect of 
high pressures on the disintegration of to- 
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bacco-mosaic virus can be understood on 
the basis of the assumption that the acti- 
vated virus particles occupy slightly less 
volume than the normal virus particles. If 
this is so, then one would expect the appli- 
cation of high pressures to shift the equilib- 
rium between normal virus and activated 
virus in such a way as to increase the pro- 
portion of particles in the activated state. 
Thus, the reaction rate would be speeded up, 

The disintegration of tobacco-mosaic 
virus by urea presents some very interest- 
ing features (Stanley and Lauffer, 1939; 
Lauffer, 1943b; Lauffer and Stanley, 1943). 
When the virus is placed in a strong urea 
solution, it gradually disintegrates. This 
reaction has been shown to be of the first 
order. The specific reaction rate was found 
to vary with the temperature in the very 
unexpected and unusual manner illustrated 
in Chart 7, namely, the urea disintegration 
of tobacco-mosaic virus proceeded slowly 
at room temperature, but the rate increased 
when the temperature was increased above 
room temperature and also when the tem- 
perature was decreased below room temper- 
ature. Other viruses have been shown to 
behave in the same manner (Bawden and 
Pirie, 1940). It is even possible that the 
urea denaturation of egg albumen behaves 
in the same manner. This very unexpected 
behavior was explained on the basis of the 
assumption that the virus reacts with urea 
to form a complex compound which then 
undergoes disintegration. By making the 
postulate that at least two different kinds 
of complexes can be formed with urea, one 
can explain the unusual dependence of reac- 
tion rate upon temperature. 

Rather extensive studies on the kinetics 
of the destruction of infectivity of tobacco- 
mosaic virus and of other plant viruses 
were carried out by Price (1940). In gen- 
eral, it was found that these inactivations 
follow the course of a first order reaction. 
The kinetics of the loss of red blood cell 
agglutinating activity and of infectivity of 
the PRS strain of influenza A virus has been 
studied by Lauffer and associates (Lauffer 


and Carnelly, 1945; Lauffer and Scott, 
1946; Lauffer et al., 1948: Scott and 
Lauffer, 1946a, b). Studies of this sort are 
of importance to virologists because they 
shed a certain amount of light upon the 
inactivation of viruses at high temperatures. 
During much of the early work, a given 
virus was characterized by its inactivation 
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Cuart 7. The effect of tempera- 
ture upon the rate of denaturation 
of tobacco-mosaic virus in urea. 
(Lauffer, M. A., 1943, Denaturation 
of tobacco-mosaic virus by urea. 
II, Kinetic aspects. Journal of the 
American Chemical Society, 05, 
1793-1802.) 


temperature or its thermal death point. 
This was defined as the temperature at 
which a virus would be inactivated in some 
arbitrary time, It is now realized that the 
thermal inactivation of a virus is merely 
one aspect of the broader problem of the 
denaturation or disintegration of virus pro- 
teins, Inactivation is a reaction which takes 
place over a wide range of temperatures. 
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However, the reaction has the property of 
changing velocity greatly for small tempera- 
ture changes. Thus, a change of temperature 
of only a few degrees can cause the reaction 
velocity to change from an imperceptibly 
low value to one so high that virtually all of 
the activity is destroyed in a short period 
of time. Hence, one can obtain an apparent 


inactivation temperature. These inactiva- 
tion temperatures or thermai death points 
were used as characteristics to describe the 
nature of a particular virus. Much more 
useful information can be obtained from 
data describing the way in which the rate of 
the inactivation varies with temperature 
and with other conditions. 
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Serologic Reactions in Viral and 
Rickettsial Infections 


INTRODUCTION 


Serologic methods provide the trellis 
which supports the rapidly spreading growth 
of knowledge of viral and rickettsial agents. 
Most of the basic technics have been bor- 
rowed directly from lacteriology and im- 
munology, but these generally have been 
modified because of difficulties encountered 
in obtaining appreciable quantities of rea- 
sonably pure viral and rickettsial antigens. 
However, highly purified materials have be- 
come available in a number of instances and 
one may expect this progress to continue. 

It is not the purpose of this chapter to 
catalogue in detail various tests employed 
with each viral and rickettsial agent. The 
objectives are, to discuss principles of broad 
applicability, to illustrate the methods em- 
ployed in the field by providing detailed 
descriptions of selected technics, and to 
summarize in tabular form the more im- 
portant serologic methods used in work on 
viral and rickettsial diseases of man. Stu- 
dents who are interested in more exhaustive 
accounts of the subjects which are not dis- 
cussed completely here or elsewhere in this 
book are referred to the original publica- 
tions and to the recent series of articles on 
diagnostic procedures in viral and rickettsial 
diseases edited by the American Public 
Health Association (1948). 
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NEUTRALIZATION 


Following recovery from a viral or 
rickettsial disease the sera of men and ani- 
mals generally contain immune substances 
which are capable of neutralizing the in- 
fectious agent. These protective antibodies, 
which are highly specific, are demonstrated 
by adding the serum to infectious material 
and then inoculating the mixture into a sus- 
ceptible host which serves as an indicator 
of the presence or absence of active agent 
in the mixture. It may be mentioned that 
this principle was established with vaccinia 
(Sternberg, 1892) several years before it 
was used with bacteria, The neutralization 
test has continued to be a mainstay in the 
virus field but has not proved of equal value 
in studies on the rickettsial agents. This 
technic provides a method, which is not 
unduly complex, for detecting minute 
amounts of specific antibody, The informa- 
tion thus obtained is useful in the diagnosis 
of disease as well as in estimating the re- 
sponse of the host to certain vaccines, The 
technic can be used also to identify newly 
isolated strains of virus. When employed 
for this purpose potent antisera against 
known viruses are tested for their capacity 
to neutralize the unknown agent. 

Neutralization tests are always costly in 
time and materials and frequently are diffi- 
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cult to interpret. An ideal test of this type 
would be one in which (1) a single in- 
fectious unit of the agent induces, in a 
highly susceptible host, a disease which is 
readily recognizable by death of the ani- 
mal or by an obvious lesion at the site of 
inoculation, (2) the agent is sufficiently 
stable so that suspensions can be prepared, 
standardized, and stored until used without 
appreciable loss of potency, and (3) the 
specific antibody, which develops in the 
convalescent host, occurs in appreciable 
amounts and is relatively stable. The con- 
tinued extensive use of the neutralization 
test in studies of most of the viral diseases 
indicates that it is a useful procedure even 
though all of the criteria just mentioned 
are rarely fulfilled. 

No single neutralization technic is satis- 
factory for all the viral agents. In the search 
for the most suitable conditions for em- 
ploying the method with each virus, many 
variations have been introduced. Some of 
these have been instituted in order to pro- 
vide a dependable, relatively simple pro- 
cedure which can be used for assaying large 
numbers of sera. The neutralization test 
used in the world-wide surveys on yellow 
fever supplies an example of such an adap- 
tation of the principles to a specific purpose 
(Bugher, 1948). Other variations have been 
introduced to provide a high degree of 
accuracy for special experimental studies. 
One example of this is the technic for in- 
fluenza, which Horsfall (1939) described ; 
another is Parker’s method for vaccinia 
which is outlined in this section, Much work 
has gone into studies of the neutralization 
phenomenon in relation to neurotropic 
viruses, and certain methods have been de- 
vised which are usable for routine diagnostic 
purposes (Olitsky and Casals, 1947: Ham- 
mon, 1948). It is evident, therefore, that 
there is no standard neutralization test 
which is applicable under all circumstances. 
Each technic represents a compromise in 
the selection of various factors which in- 
fluence the final result: among these are 
the choice of the indicator host, the route 
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of inoculation, the source of virus, the type 
of antiserum, the use of constant dilutions 
of serum with serial dilutions of virus or 
vice versa, the time and temperature of 
incubation of virus-antiserum mixture, and 
the age of the inoculated animals. An indi- 
cation of the range of indicator hosts and 
of the sources of virus employed in neu- 
tralization tests is given in Table 7. 

An example of a neutralization test in 
which death or survival of the animal serves 
to indicate the presence or absence of active 
virus is given below. This method, which 
was recommended by the Neurotropic Virus 
Disease Commission in 1942 for the diag- 
nosis of epidemic viral encephalitides of 
North America, has yielded satisfactory re- 
sults over a period of years at the Army 
Medical Center with these as well as several 
other neurotropic agents. Like other general- 
purpose technics it has limitations. The fol- 
lowing detailed description of the Commis- 
sion’s technic is quoted from Paul (1944). 


(a) Virus. Ten or more brains removed 
from mice showing nervous signs are ground 
with sand or alundum and 10 cc. of inacti- 
vated* undiluted rabbit serum are added for 
each gm. of brain tissue. After centrifugation 
at about 2000 r. p. m. for ten minutes, the 
supernatant fluid is drawn off and regarded as 
the 1 to 10 dilution of virus. Part of it is 
titrated immediately, and the rest is dis- 
tributed in ampules in 1-cc. amounts. [2 cc. 
quantities are often preferable, Ed.| The 
sealed ampules are quickly frozen in a mix- 
ture of solid COs and 95 percent alcohol and 
stored in a solid CO, refrigerator. Depending 
upon needs, one or more ampules are thawed 
and used in each test, the unused portion of 
the virus being discarded. 

(b) Preparation of Virus Dilutions, and 
Control and Serum-virus Mixtures. Starting 
with the 1 to 10 dilution from the frozen 
ampule, one prepares 1 to 50, 1 to 500, 1 to 
5000, etc., up to 1 to 500,000,000 or 1 to 
5,000,000,000 dilutions, using 10 percent 
rabbit serum in saline as the diluent and a 
separate pipet for each dilution. Then 0.2 cc. 
of the selected dilutions are added to marked 
tubes containing either 0.2 cc. of the undiluted 
unknown serum or of a tested negative, un- 
diluted rabbit serum for the control mixtures. 


* Inactivation is carried out at 56° C. for one-half 
10ur, 
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(c) Selection of Critical Dilutions. If the 
preliminary titration has indicated that the 
LDso titre of the virus to be used is in the 
range of the 10~° dilution, after incubation at 
37° C. for two hours, then the control dilu- 
tions to be tested will be 10-*, 10-7, 10-8, 
and 10° and the serum dilutions 10~*, 10~°, 
10-®, 10~*, Similarly: 


lowest dilution in the serum mixtures (i.e., the 
10°*, or 10-4, or 10°°) and use 3 instead of 4 
serum-virus dilutions. 

(d) Incubation, Numbers of Mice, and 
Period of Observation. Five mice are to be 
inoculated with each dilution. The intra- 
cerebral route of inoculation is used, employ: 
ing 0.25-cc, tuberculin syringes to permit a 
more accurate delivery of a standard 0.03-cc. 
dose. If the number of mice should become 
limited either because of inadequate supply 
or the large number of sera to be tested, four 
mice may be used for each dilution. The con- 
trols and serum-virus mixtures are to be in- 
cubated in a water bath at 37° C. for two 
hours and then placed in an ice-bath until 
inoculated. The highest dilutions are to be 
inoculated first (i.e., 10", 107%, 10~*, etc.) 
and the control mixtures should be the last. 
The mice shall be observed and deaths re- 
corded for at least ten days in the case of 
Western and Eastern equine encephalitis and 
for at least fourteen days in the case of St. 
Louis encephalitis virus. All deaths within 


(1) with preliminary LDs5o titre of virus 
in range of 10%, 
Control dilutions, 
10-*, 10-8, 10 
Serum dilutions, 
10-8, 10-4, 10, 10-8 
(2) with preliminary LDs5o titre of virus 
in range of 10°, 
Control dilutions, 
io. in, 10-*. 10-*° 
10-5, 10-8, 10-7, 10-8 


7 107° 


Serum 


These dilutions are selected in order to be 
within the range of 100 percent mortality at 
one end, and 100 percent survival at the 


other in the control titration, bearing in mind 
the variations in titre that may be expected 
with virus suspensions preserved in the frozen 
state. When the test is to be used for diagnosis 


twenty-four hours 
regarded as being 
virus causes, and 
encephalitis virus, 


after inoculation shall be 
due to traumatic or non- 
in the case of St. Louis 
considering the dilutions 


used, all deaths during the first three days 
shall be regarded as non-specific. 


with a virus that has been found to maintain 
its titre well, one may dispense with the 


EXAMPLE 
LDso 
FINAL DILuTION oF VriRUS TitrRE, NEv- 
LOG OF TRALIZA- 
DILu- TION 
MIxTURE 10-* 10-* 10-° 10-7 10-8 10-* TION INDEX RESULT 
oo) ae aa a 5/5 4/5 3/5 0/5 8.0 
Serum A ..... 5/5 5/5 5/5 3/5 4 7.0+- <10 Negative 
BerumeB <...- 5/5 5/5 3/5 2/5 6.5 32 Equivocal 
Gorm (| ..... 5/5 4/5 3/5 0/5 6.0 100 Positive 


Fraction 3/5 indicates that 5 mice were inoculated and in 3 death occurred as a result of 
the virus infection. 


PROCEDURE USED IN CALCULATING LD59 TITRE* 


CONTROL 
ACCUMULATION TOTALS 

Dred ~— SURVIVED Diep Survivep DeatHs % Morvraity 
aaa 2 arene 5 0| 12 0 12/12 100.0 
1074/5 ....... 4 1 7 l 7/8 87.5 
10-8—3/5 3 24 3 3 3/6 50.0 

t bes 
beck 5 1, | 0 5 0 8 0/8 0 


.. LDso titre, log of Eger ae Bie Ss 
rows indicate direction of addition for accumulation totals, , MTS 
The Reed-Muench formula will be used even in the absence of a zero mortality endpoint or of 2 dilutions 
below the 50 percent or more mortality range, with the clear understanding that the results are not absolutely 
accurate. This is the best available procedure for a standard method of expressing the results under oe 
stances which make it impractical to increase the number of dilutions to cover the strict requirements ol! the 


Reed-Muench formula. 
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SERUM B 
ACCUMULATION TOTALS 
Diep SURVIVED Diep Survived DEATHS % MorTALITY 
es ee 5 0 15 0 15715 ee 
10-5—5/5 ....... 5 0 10 0 10/10 ee 
10-®—3/5 ....... fe 2 5 2 5fT 714 
10-*—2/5 2 3 2 5 rT 28.6 


% mortality above 50%—50% 


I trtcocents A niet hit eo AE id), EEE = 
% mortality above 50%—% mortality below 50% 


= factor or proportionate distance 


or 
71.4%—28.6% 21.4 —o5 
71.4% —S0% 42.8 ae - 
When tenfold dilutions are used LD; titre = log of dilution above 50% -+ factor or in 


this case = 6.0 + 0.5 = 6.5. 


CALCULATION OF NEUTRALIZATION INDEX FOR SERUM B 


Control titre log of dilution = 8.0 
minus 

Serum B titre log of dilution = 6.5 

Neutralization index log = 1.5 


Antilog of 1.5 = 31.6 or 32; therefore neutralization index = 32. 


The commission regarded a neutralization 
index of 1 to 9 as negative, of 10 to 49 as 
equivocal, and of 50 or more as positive. 
Hammon (1948) discusses modifications of 
this method and the interpretation of re- 
sults obtained. The finding of a neutralizing 
antibody against a virus in a single speci- 
men of serum usually cannot be regarded 
as proof that the recent illness of a patient 
was caused by the virus in question. Neu- 
tralizing antibodies which appear following 
many infections persist for long periods of 
time. The picture is further complicated by 
the occurrence of neutralizing substances 
in sera of persons who suffered unrecognized 
disease in the form of inapparent or atypical 
infection, or who were vaccinated with 
active or inactive virus. In the face of these 
facts, the presence of a specific neutralizing 
antibody in a patient’s serum can be looked 
upon as evidence of previous experience of 
the person with the agent but no date can 
be given for the episode. Therefore, it is the 
rule in good diagnostic work to demand at 
least two samples of serum for testing: the 
first is taken early in the disease when anti- 
bodies are absent or at a low level and the 
second at an appropriate time during con- 
valescence, The reader is referred to other 


chapters in this book for detailed informa- 
tion on obtaining, handling and _ testing 
specimens for the diagnosis of individual 
diseases. 

The neutralization test ordinarily em- 
ployed for vaccinia illustrates the use of 
the dermal lesion of the rabbit as an indica- 
tion of the infectivity of serum-virus mix- 
tures. Parker (1939) introduced into this 
test a degree of exactitude not previously 
attained. It was accomplished by accurate 
determination of the number of infective 
particles of virus present before addition of 
antiserum and of the residual number of 
infective units in virus-serum mixtures, In 
practice, preliminary tests were performed 
to estimate the approximate titer of the 
stable, stored-virus suspension and the ap- 
proximate amount of virus neutralized by 
a given dilution of antiserum. Then, serial 
twofold dilutions of the infected material 
were prepared in Locke’s solution contain- 
ing 5 per cent normal rabbit serum, The 
range selected included as the most con- 
centrated virus suspension that which would 
be expected to induce lesions at each site of 
inoculation and as the most dilute that con- 
centration at which lesions would appear at 
none of the sites. Two sets of such serial 
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twofold dilutions of virus were prepared, 
one covering the range for virus plus normal 
serum and the other for virus plus immune 
serum. As many as 40 intracutaneous inocu- 
lations of each virus-serum mixture were 
made in rabbits. The presence or absence of 
a lesion at each site was recorded on the 
5th day and the titers calculated by the 50 
per cent endpoint method which was pre- 
sented in detail above. The difference be- 
tween the titer of virus in the presence of 
normal serum and of the antiserum being 
studied was taken as the neutralizing ca- 
pacity of the latter. Such a laborious method 
as this has limited applicability except in 
studies on the fundamentals of virus-anti- 
body reactions. A simplified version of 
Parker’s technic used in studies of vaccinia 
by the writer is conducted in the following 
manner, Serial tenfold dilutions of stock 
virus suspension are prepared and portions 
of each dilution covering the range encom- 
passing the expected endpoints are mixed 
with equal amounts of normal serum and 
of the antiserum to be tested. Multiple 
inoculations of each serum-virus mixture 
are made into the skin of each of several 
rabbits; usually two or four areas of skin 
on one rabbit are infiltrated with each mix- 
ture, and from two to four rabbits are used 
in a single test. The procedure for calcu- 
lating neutralizing capacity of the antiserum 
is the same as Parker’s. It should be obvious 
that animals used in neutralization tests 
must not previously have acquired im- 
munity to the virus under investigation, In 
studies on vaccinia this point is overlooked 
too frequently because of failure to recog- 
nize the ease with which rabbits acquire 
subclinical infection, and subsequent re- 
sistance, in a laboratory where the virus is 
being handled. It should be standard prac- 
tice to use rabbits for neutralization tests 
for vaccinia on the day that they arrive in 
the laboratory. Similarly, the normal rabbit 
serum employed in the test should be ob- 
tained from blood drawn from animals 
which are not immune. 

In performing neutralization tests with 


certain viral agents, it may be necessary, or 
desirable, to arrive at an indicator reaction 
by a more circuitous route than death of 
the animal or the production of a single 
lesion at the site of inoculation. Burnet, 
Keogh and Lush (1937) evolved a technic 
suitable for estimating neutralizing anti- 
bodies against certain viruses which are 
capable of producing pocklike lesions on the 
chorio-allantoic membranes of embryonated 
eggs; this embodied a comparison of the 
average numbers of lesions produced by con- 
trol and test mixtures of virus and serum. 
Hirst (1942a,b) demonstrated that neutrali- 
zation tests could be achieved with egg-pas- 
sage strains of influenza virus which were 
not well adapted to animals. He inoculated 
mixtures of virus and antiserum into em- 
bryonated eggs, and after a period of in- 
cubation sufficient to allow time for growth 
of virus, he determined the presence or 
absence of infection in each test egg by 
examining its allantoic fluid for viral hem- 
agglutinins. Habel (1945) employed sim- 
ilar principles in studies on antibodies 
against mumps; here the finding of specific 
complement-fixing antigen of mumps in 
eggs used in the neutralization test served 
to indicate infectivity of the inoculated 
serum-virus mixture. 

The nature of the reaction involved in 
the neutralization of viruses by antisera has 
been the subject of lengthy, and often 
heated, discussion. Following the demon- 
stration by Andrewes (1928) that nonin- 
fectious mixtures of virus and antibody re- 
gain infectivity when diluted, or treated by 
other simple means, credence was given to 
the concepts that no in-vitro combination 
occurred between virus and neutralizing 
substance and that the dilution phenomenon 
was peculiar to viruses. Craigie (1939) 
summarized the accumulated evidence 
which suggested that both ideas were 
erroneous, Undoubtedly, the nature of the 
reaction will continue to provide a source 
of scientific interest. It may be noted that 
recently several workers (Kalmanson and 
Bronfenbrenner, 1943; Morris, 1944; Mc- 
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Kee and Hale, 1946) have emphasized the 
similarity of the mechanics of the neu- 
tralization reaction regardless of whether 
viruses, bacteria, or toxins are acted upon 
by their specific antibodies. 

Until recently, the available information 
warranted the general statement that in 
viral diseases of man neutralizing sub- 
stances were unrelated to those antibodies 
which were detectable by in-vitro tests. 
Two diseases in which experimental evi- 
dence clearly proved that such was the case 
were vaccinia ( Craigie, 1939) and lym- 
phocytic choriomeningitis (Smadel and 
Wall, 1940). Such a broad statement is no 
longer tenable, since in one human disease, 
namely, influenza, evidence has accumu- 
lated which indicates that the antibody 
which inhibits hemagglutination by the 
virus in vitro is the same immune substance 
which neutralizes the virus in vivo, This 
topic is discussed elsewhere in the chapter. 


COMPLEMENT FIXATION 


The basic principles of the complement- 
fixation technic are identical whether em- 
ployed in viral and rickettsial diseases or 
elsewhere. Although attempts to apply the 
method to viral materials were successful 
early in this century, the results were gen- 
erally discredited. During the past decade, 
the method has come into progressively 
wider use in the field. Each additional ap- 
plication has invariably awaited the prep- 
aration of suitable antigen, i.e., a suspension 
rich in viral or rickettsial material. The 
numerous diseases in which the comple- 
ment-fixation technic is employed in experi- 
mental and diagnostic studies are listed in 
Table 7. A fact not evident from the table 
is that the method probably has been used 
more frequently in the routine diagnosis of 
rickettsial diseases than in work on Viral in- 
fections. This resulted from (1) the greater 
ease of preparing certain of the rickettsial 
antigens, (2) the dependability of the tests, 
(3) the difficulties of performing neutrali- 
zation tests with rickettsial agents, and (4) 
the greater frequency of rickettsial diseases 
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during periods of war. The methods em- 
ployed in complement-fixation reactions in 
the epidemic encephalitides and in epidemic 
typhus fever will be presented in detail as 
illustrative examples of the application of 
these technics in the study of viral and 
rickettsial diseases. 

Many neurotropic viruses are obtained in 
largest amounts when grown in the brains 
of susceptible animals, and it is axiomatic 
that the richest available source of virus is 
the one most likely to yield suitable mate- 
rial for in vitro testing. Crude complement- 
fixing antigens prepared from brain tissues 
have a number of disadvantages. In the 
first place, they react nonspecifically with 
certain sera. This is dependent in part on 
the “antigen-antibody reaction” between 
normal sera and tissue extracts which has 
been discussed by Kidd and Friedewald 
(1942) and which Maltaner (1946) has sug- 
gested may be entirely nonspecific in nature 
and due to the presence of a cephalinlike 
substance in the tissue extracts. In addition, 
they react with Wassermann-positive sera 
from human beings. Over and above these 
disadvantages, the antigens prepared from 
brain tissue tend to become anticomple- 
mentary and to deteriorate unless special 
precautions are taken. It is of interest that 
during the past 10 years methods for pre- 
paring complement-fixing antigens from 
brain tissue have gone through a complete 
cycle. Craigie and Tulloch (1931) demon- 
strated that the nonspecific flocculating 
material, which interfered with interpret- 
ing a specific precipitin reaction, could 
be removed from rabbit brain infected 
with vaccinia if the tissue were dried, ex- 
tracted with ether, and repeatedly frozen 
and thawed following rehydration. Howitt 
(1937) adopted this method in preparing 
complement-fixing antigens from brains of 
animals infected with neurotropic viruses. 
Subsequently, Casals and Palacios (1941) 
found that the undesirable reaction could 
be eliminated if aqueous suspensions of in- 
fected brain were repeatedly frozen and 
thawed, and if the human Or animal sera 
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which were used in the test were heated at 
60-65° C. Havens and co-workers (1943) 
preferred to eliminate nonspecific material 
by high speed centrifugation since with such 
preparations it was unnecessary to heat the 
serum to be tested beyond the usual 56° C, 
The cycle has now been closed by De Boer 
and Cox (1947) who have returned to 
lyophilization of infected brain tissue fol- 
lowed by extraction with a lipid solvent to 
remove the undesirable substance. Although 
sufficient time has not elapsed for adequate 
trial of this method for use in routine diag- 
nosis of neurotropic virus diseases, it holds 
considerable promise. The methods of 
Casals and of Havens have been extensively 
used for the diagnosis of human disease by 
a few workers: both are satisfactory in the 
hands of those familiar with them. 

The starting substance for preparing 
antigens by each method is a suspension of 
infected brain material from moribund 
mice, Casals and Havens use a 10 per cent 
suspension in physiologic saline solution 
which contains 2 per cent inactivated nor- 
mal serum of mice, guinea pigs, or rabbits. 
Casals’s (1947) most recent description of 
the processing of such material is as follows: 


The suspension is kept overnight in the re- 
frigerator at 2 to 4° C. It is centrifuged next 
day at 2500 rpm for \% hour. The supernatant 
is placed in 100 x 16 mm lusteroid tubes— 
about 10 cc. to a tube—frozen and thawed by 
dipping alternately 15 minutes in a dry-ice 
alcohol mixture and into water at 37° C. This 
cycle is repeated 4 or 5 times causing a floc- 
culate to appear. In our experience no more 
than 5 thawings are necessary; however, if 
flocculation does not occur it would be advis- 
able to continue the treatment until it does. 
Finally the brain-tissue extract is centrifuged 
in an electrically driven angle-head centrifuge 
at 7000 rpm for 1 hour; the supernatant is 
decanted, measured and merthiolate in dilu- 
tion 1:10,000 is added. These antigens can be 
used for as long as 4 months after preparation 
if kept at 2-4° C. They have been obtained 
with the following viruses: rabies, Eastern, 
Western and Venezuelan equine encephalitis, 
Russian tick-borne, louping-ill, Japanese Bs 
West Nile, St. Louis, GD VII strain of 


Theiler, and lymphocytic choriomeningitis. 


Havens and co-workers (1943) remove the 
large particles from the brain suspension 
by horizontal centrifugation and then 
promptly clarify the suspension by centrif- 
ugation in a refrigerated angle centrifuge 
at 12,000 r.p.m. for one hour. Although such 
antigens may be stored for some time at 
5° C., it is preferable to maintain them in 
the frozen state at —20° C. or —70° C. 
Both types can be rendered noninfectious 
and can be lyophilized, but in the few labo- 
ratories where the methods have been used 
extensively neither of these procedures has 
been employed regularly in routine diag- 
nostic work ; thus, the antigens as used are 
generally infectious and unstable. 

De Boer and Cox (1947) prepare a 20 
per cent suspension of infected mouse brains 
in distilled water, lyophilize the material 
and then extract the dried powder several 
times with benzene, The extracted powder 
can be stored in the dried state until ready 
for use when it is rehydrated in saline solu- 
tion and clarified by centrifugation at 
10,000 r.p.m, This method is even more 
dangerous to the laboratory worker than 
the first two, since the dried powder which 
is manipulated during extraction is in- 
fectious. 

Details of the complement-fixation technic 
employed with the neurotropic viruses need 
not be gone into here. Suffice it to say that 
4 delicate and accurate procedure is neces- 
sary, and usually overnight fixation is pre- 
ferred. Hammon’s (1948) remarks on the 
interpretation of complement-fixation tests 
in the epidemic encephalitides are quoted 
from his review of the subject: 


Until a great deal of experience has been 
gained in performing the complement-fixation 
test, it is recommended that all sera be tested 
twice or until two similar results are obtained, 
each test made on a different day, and prefer- 
ably with a different antigen. Thus, certain 
difficulties in interpretation will obviously be 
avoided, Fixation at a 1:2 level must be re- 
garded at any time with considerable scepti- 
cism, Negatives, at least with the Western 
equine virus, must not be given the same final 
evaluation as a similar finding with the neu- 
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tralization test. If sera have been heated at 
65° C. or twice at 60° C. to free them from 
anticomplementary or non-specific substances, 
negatives, for St. Louis at least, lose much sig- 
nificance. 


Inspection of Table 7 shows that most of 
the complement-fixing antigens of viral 
origin are not derived from brain tissue. 
Difficulties associated with nonspecific com- 
ponents often encountered with antigens 
prepared from such sources are surmounted 
with relative ease. The avoidance of brain 
as a source of antigen is possible even with 
certain of the neurotropic viruses, namely, 
lymphocytic choriomeningitis and eastern 
and western equine encephalitis. It may be 
emphasized that with the epidemic encepha- 
litides, as with other viral and rickettsial 
infections, serologic tests which are entirely 
satisfactory under carefully controlled con- 
ditions of scientific investigation may not 
be generally applicable for routine diag- 
nosis of human infection, At the present 
time the widespread use of a number of the 
specific diagnostic methods for viral and 
rickettsial diseases is prevented by the lack 
of availability to the ordinary laboratory of 
simple, noninfectious, stable antigens, 

A wide variation exists in the methods 
employed for the preparation and use of 
antigens for complement-fixation tests in 
rickettsial diseases. Only one technic for 
the preparation of antigen from one agent 
will be discussed in detail, the others are 
thoroughly reviewed in recent articles by 
Ssmadel (1948a, b). The methods which 
Plotz and co-workers (1948) employed in 
their complement-fixation test for the diag- 
nosis of epidemic typhus are as follows: a 
20 per cent suspension of infected yolk-sac 
tissue is prepared in buffered saline solution, 
pH 7.0, containing 0.5 per cent formalde- 
hyde, and gross particles are removed by 
filtration through bronze gauze, The sus- 
pension is stored for several days in a cold 
room while the material becomes nonin- 
fectious and the large fat particles rise to 
the surface, The suspension is siphoned off 
from beneath the yolk-fat layer and cen- 
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trifuged at 4,000 r.p.m. in an angle machine 
for one hour to deposit the rickettsiae. The 
sedimented rickettsiae and accompanying 
particulate yolk-sac material are resus- 
pended in formol-saline solution and subse- 
quently extracted with a half volume of 
ethyl ether. The rickettsiae remain in the 
aqueous phase which is removed for further 
processing. Rickettsiae are sedimented by 
centrifugation, and the supernatant fluid 
removed and discarded. This supernatant 
fluid contains a specific soluble substance 
of typhus which reacts almost equally well 
with either epidemic or murine convalescent 
sera. The deposited rickettsiae are resus- 
pended in diluent, extracted with ether, 
and rewashed four to six times by differen- 
tial centrifugation in order to remove re- 
sidual traces of the soluble antigen. After 
the final resuspension, the antigen is cen- 
trifuged in the horizontal machine to remove 
large particles. Such rickettsial antigens 
closely approach a state of purity, i.e., com- 
plete freedom from contaminating material 
of the host which supported growth of the 
organism. They are highly specific sero- 
logically and in complement-fixation tests 
give cross reaction only with the sera from 
the closely related disease, murine typhus. 
In diagnostic tests two units of antigen are 
mixed with two full units of complement 
and serial dilutions of the serum to be 
tested; 0.25 cc. amounts, respectively, of 
antigen and sera are used and 0.5 cc. 
amounts of complement. The mixture is 
incubated overnight at 5° C., after which 
the hemolytic system is added ; this consists 
of-0.5 cc. of an equal mixture of a 3 per cent 
suspension of washed sheep erythrocytes 
and a solution containing three minimal 
hemolytic doses of amboceptor. The tests 
are read after further incubation at 37° C. 
for a half hour, 

The application of the complement-fixa- 
lion technic to the study of individual viral 
and rickettsial diseases of man is discussed 
in other chapters in this volume. Intelligent 
use of the method requires familiarity not 
only with the technical procedures but also 
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with the clinical features of the different 
infections. So much variation occurs in the 
time of appearance of antibodies, the 
maximal titers which they attain, and the 
length of time they remain after infection 
that few generalizations are warranted. 
Thus, in most neurotropic viral diseases 
complement-fixing antibodies appear later 
than do neutralizing substances, but in 
lymphocytic choriomeningitis the reverse 
occurs. In the neurotropic virus group, com- 
plement-fixing titers rarely exceed 1/32, 
whereas in the rickettsial and psittacosis 
groups end points of 1/128 to 1/1024 are 
not unusual. Furthermore, these  anti- 
bodies disappear in a few weeks or months 
in the first group of infections but persist 
for years in the last two. Even the response 
of human beings to vaccination varies. For 
example, a primary course of immunization 
with appropriate materials rarely elicits 
complement-fixing antibodies for Japanese 
B encephalitis virus, whereas epidemic 
typhus vaccine induces an antibody re- 
sponse in more than half the persons who 
receive it for the first time. The comple- 
ment-fixation technic sometimes serves as 
the means of recognizing newly isolated 
strains of infectious agents. Smadel and 
Wall (1941) used it in this manner for the 
rapid identification of lymphocytic chorio- 
meningitis virus in animals inoculated with 
infectious material from patients, Further- 
more, the method provided data for estab- 
lishing the antigenic individuality of the 
newly recognized rickettsia of North 
Queensland tick typhus (Plotz et al., 1946). 


AGGLUTINATION AND 
PRECIPITATION 


The term “flocculation” was used fre- 
quently in the earlier literature to describe 
in vitro aggregation of viral and rickettsial 
materials by their specific antisera. There 
continues to be justification for employing 
this broad term which embodies both ag- 
glutination and precipitation, since, in some 
instances at least, it is difficult to decide 
whether the aggregating material is a sus- 
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pension of particles or a solution. One may 
use the term “agglutination” with confi- 
dence when referring to elementary bodies 
of vaccinia or to Rickettsia prowazeki, for 
these relatively large structures are readily 
seen by ordinary microscopy. Similarly, 
one would not hesitate in applying the term 
“precipitation” to the specific aggregation 
obtained with the soluble LS antigen of 
vaccinia which is a small protein molecule 
no larger than serum globulins. However, 
difficulty is encountered in designating the 
type of flocculation reaction obtained with 
the soluble antigen of typhus; this sero- 
logically active substance consists of par- 
ticulate material of minute size when com- 
pared with the rickettsial organism, but 
nevertheless the particles are as large as the 
smallest viruses. In general, “flocculation” 
should be used to describe specific serologic 
aggregations displayed by materials known 
to contain both large particulate structures 
and soluble antigen, and to designate the 
reaction when the physical nature of the 
antigen is uncertain, 

The flocculation reaction with materials 
from a single disease, like the complement- 
fixation test, may involve concurrently a 
number of different specific antigen-anti- 
body systems, Vaccinia provides the best 
example of this. The elementary bodies of 
vaccinia are agglutinated by at least four 
different antibodies which occur in con- 
valescent sera and have been designated, 
respectively, L, S, NP, and X. The first 
three of these antibodies also react in com- 
plement-fixation and precipitation — tests 
with their homologous soluble antigens. 
Therefore, a flocculation occurring in a mix- 
ture of crude antigen of vaccinia and anti- 
vaccinal serum might represent agglutina- 
tion of virus particles by any one or all 
the antibodies just listed, as well as pre- 
cipitation of the LS antigen by either of its 
antibodies. The serologic reactions of vac- 
cinia are discussed at length in Chapter 15. 

In the field of viral and rickettsial dis- 
eases, as elsewhere, antigens which floccu- 
late with their specific antisera almost in- 
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variably fix complement under appropriate 
conditions. However, the converse is not 
true. The data given in Table 7 clearly 
indicate that the complement-fixation tech- 
nic is employed in many diseases in which 
a flocculation reaction has not been demon- 
strated. In general, less concentrated prep- 
arations of antigen are required for detect- 
able fixation of complement than _ for 
visible flocculation. This is illustrated by 
the findings with stock suspensions of 
washed I. prowazeki which were described 
in the preceding section. Such suspensions 
gre regularly diluted 1/80 to 1/100 when 
used as antigen in complement-fixation 
tests, whereas a 1/8 to 1/15 dilution is re- 
quired for agglutination reactions. Merrill 
(1936) has brought together data which 
indicate that a concentration of antigen of 
the order of 0.001 mg./cc. is required in 
order for visible flocculation to occur in the 
presence of appropriate antibody. Table 7 
which summarizes data on serologic reac- 
tions contains no information on the size 
of the etiologic agents. Therefore, it should 
be mentioned that at the present time spe- 
cific flocculation reactions are restricted 
almost exclusively to the rickettsiae and 
large viruses, The exceptions are the agents 
of lymphocytic choriomeningitis and influ- 
enza among the intermediate-sized viruses 
and of yellow fever among the small viruses. 
The list will be extended no doubt when 
technical difficulties associated with the 
preparation of concentrated, purified anti- 
gens are overcome, 

The diverse sources of antigens for use 
in agglutination tests with rickettsiae of the 
typhus fever, spotted fever and Q fever 
groups, and with viruses of the vaccinia- 
variola and psittacosis-lymphogranuloma 
venereum groups are indicated in Table 7: 
materials are also listed from which the 
precipitinogens of yellow fever, vaccinia, 
psittacosis, lymphocytic choriomeningitis, 
influenza and of typhus are derived. Meth- 
ods for preparing these antigens vary con- 
siderably as de the technics which are used 
to demonstrate their presence. Since more 
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is known about the properties of vaccine 
virus and its antigens than of other viral or 
rickettsial agents which affect man, certain 
of the technics which have assisted in add- 
ing to our knowledge of this virus will be 
mentioned in detail. 

Studies of the antigenic structure of vac- 
cine virus were facilitated by the prepara- 
tion of highly purified suspensions of 
elementary bodies and their use in agglutina- 
tion tests. Although a number of investiga- 
tors contributed methods for obtaining such 
material (Smadel and Hoagland, 1942), the 
technic of Craigie (1932) embodies all of 
the essential principles which still are em- 
ployed for this purpose. His method _in- 
cluded use of a strain of virus for seed 
which was well adapted to growth in the 
epithelial cells of the skin of rabbits; in- 
oculation of large areas of closely clipped, 
unpigmented skin of healthy rabbits by 
gentle scratching with a fine wire brush 
while the site was bathed with a highly 
infectious suspension of virus; harvesting 
the dermal pulp on the third day following 
inoculation by lightly scraping the surface 
with a dull scalpel after moistening the skin 
with buffered water; and finally, preparing 
an appropriate dilution of dermal pulp and 
subjecting it to an extensive process of dif- 
ferential centrifugation, In the last part of 
the process, large particulate material was 
removed by horizontal centrifugation: then 
the elementary bodies were sedimented by 
spinning at high speed in an angle machine. 
The sedimented virus was washed several 
times by resuspension in dilute buffer solu- 
tion and recentrifugation. Finally, agegre- 
gated particles were removed from the 
suspension of washed virus by prolonged 
horizontal centrifugation, The resultant 
virus suspensions were remarkably stable; 
when stored at 5° C. they remained suit- 
able for serologic and infectivity tests for 
several months. Agglutination tests, in 
which washed elementary bodies were used. 
Were carried out with equal quantities of 
an optimal dilution of antigen and serial 
dilutions of antisera, or vice versa, depend- 
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ing on whether the titer of antigen or anti- 
serum was desired. Tubes containing the 
test mixtures were incubated overnight at 
50° C. in covered racks to prevent evap- 
oration. 

Craigie (1932) found that the superna- 
tant fluid obtained by means of the first 
angle centrifugation in the process just de- 
scribed for preparing purified suspensions 
of elementary bodies from dermal pulp 
provided an excellent source of the soluble 
antigens of vaccinia, The supernatant fluid 
was freed of residual virus by passage 
through a Seitz filter. This “dermal filtrate’ 
was employed as antigen in precipitin tests 
which were performed in the same manner 
as the agglutination tests. Proof that all 
of the serologic activity associated with 
Craigie’s heat-labile and heat-stable soluble 
antigens of vaccinia was present in a single 
protein molecule was obtained by Shedlov- 
sky and Smadel (1942) who used _ the 
precipitin reaction in following the various 
stages of purification of LS antigen from 
its source in crude dermal filtrate. 

Many workers have attempted to develop 
simple diagnostic procedures which employ 
crude viral and rickettsial antigens in an 
extremely sensitive flocculation test. They 
added particulate material in the form of 
bacteria (Roberts and Jones, 1941), col- 
lodion (Goodner, 1941) or insoluble dye 
(Smorodintsev and Fradkina, 1944) to the 
crude suspension of tissue with the object 
of absorbing specific, serologic substances 
on the surfaces of the particles. Such coated 
particles were then aggregated by specific 
antibody. While these procedures have 
proved satisfactory for certain experimental 
studies they present difficulties which must 
be overcome before they can serve their 
intended purpose, i.e., diagnosis of disease. 

The agglutination and precipitation tech- 
nics have proved to be important tools for 
investigating serologic properties of certain 
viral and rickettsial agents, but they have 
been less valuable in the diagnosis of human 
disease than the neutralization and comple- 
ment-fixation reactions. The agglutination 


test is listed in Table 7 as a commonly 
employed diagnostic aid in only three dis- 
eases, while the precipitin reaction is not 
mentioned in this connection, One situation 
in which rickettsial agglutination provides 
the only available serologic means of dif- 
ferential diagnosis occurs in those patients 
with murine typhus who previously have 
received epidemic typhus vaccine (Plotz 
and Wertman, 1945). Sera of such indi- 
viduals when examined by the complement- 
fixation technic, give antibody responses 
which are typical of epidemic typhus, or 
which fail to differentiate between epi- 
demic and murine typhus; but when the 
rickettsial agglutination test is used, high 
levels of antibody against R. mooseri are 
found. 


VIRAL AND RICKETTSIAL 
HEMAGGLUTININS 


The agglutination of erythrocytes by 
viral agents, Hirst’s phenomenon, has been 
useful in investigative and diagnostic work. 
Although the mechanism of the agglutina- 
tion is not understood, it clearly has no 
relation to the usual antigen antibody re- 
action which is involved, for example, in 
the aggregation of sheep erythrocytes by 
serum from rabbits immunized against such 
cells, Following the original description of 
the phenomenon and its use in the diagnosis 
of influenza (Hirst, 1941; McClelland and 
Hare, 1941), other workers have demon- 
strated its applicability to the study of a 
number of infections, e.g., vaccinia (Nagler. 
1942) variola (North, 1944), mumps (Le- 
vens and Enders, 1945; Burnet, 1945), 
scrub typhus (O'Connor, 1945), Newcastle 
disease of fowls (Burnet, 1942; Burnet 
et al., 1945; Brandly et al., 1946), fowl 
plague (Lush, 1943), swine influenza (Clark 
and Nagler, 1943), pneumonia virus of mice 
(Mills and Dochez, 1945), and ectromelia 
of mice (Burnet and Boake, 1946). The 
agents vary in their capacity to agglutinate 
erythrocytes from different hosts; further- 
more, not all individuals of certain species 
provide cells which are agglutinable by a 
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given virus. Table 5 summarizes data con- 
cerning the action of the hemagglutinating 
agents on erythrocytes of a number of hosts. 
Those places in the table where both posi- 
tive and negative reactions are listed indi- 
cate either that cells of only certain mem- 
bers of the species respond or that workers 
have reported divergent results. 
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tions by demonstrating that such treated 
cells which were refractory to the homol- 
ogous virus were still agglutinable by other 
viruses. 

The agglutination of red cells by viral 
and rickettsial agents is specifically in- 
hibited by antisera. This finding was 
immediately applied by Hirst (1941) to the 
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Hirst (1942c) observed that the infective 
and hemagglutinating materials in prepara- 
tions containing influenza A and B viruses 
were adsorbed from the fluid by erythro- 
cytes and that under proper conditions they 
could be eluted from the red cells. Further- 
more, he showed that the erythrocytes from 
which the hemagglutinin had been removed 
were no longer aggregated by fresh homol- 
ogous virus preparations. Burnet and _ his 
associates (Burnet, 1942; Burnet, McCrea 
and Stone, 1946) extended these observa- 





development of a diagnostic procedure for 
influenza, and subsequently it has been em- 
ployed by others with the remaining agents 
which exhibit hemagglutination. This type 
of antibody titration is referred to as an 
agglutination-inhibition test. It should be 
re-emphasized that the agglutinin is viral 
material and that the inhibitor is antibody. 
The original agglutination-inhibition test 
for the diagnosis of influenza has been 
modified somewhat by almost every investi- 
gator who has used it. The fact that satis- 
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factory results have been obtained with all 
of these procedures (Whitman, 1947) speaks 
well for the applicability of the principles 
of the test, but the use of these various 
modifications makes it difficult to compare 
quantitatively the data from different labo- 
ratories. In order to circumvent this situ- 
ation, the United States Army adopted a 
single procedure and, in addition, supplied 
its laboratories with standard antigens and 
antisera. 

The technic of the diagnostic test for in- 
fluenza used by the United States Army 
(Anonymous, 1946) is as follows, 


MATERIALS 


. Kahn tubes. 
. Kahn racks, flat-bottom type without de- 
pressions. 

3. One ml. serologic pipettes, graduated in 
0.01 ml. 

4. One percent washed human red cells, 
group 0. 

5. NaCl solution, 0.85 percent. 

6. A (PR8) and B (Lee) influenza virus 
antigens in the form of merthiolated, in- 
fected allantoic fluids. 

7. Standard ferret antisera to A and B in- 
fluenza viruses. 

Glassware must be chemically clean since 
traces of acid or alkali interfere with the test. 
Those tubes which do not have smooth, round 
bottoms should be discarded. It is advisable 
to keep specially selected and cleaned tubes 
set aside for use only in influenza work. 


moe 


PROCEDURE 


Preparation and Titration of Test 
Virus. Allantoic fluid antigens are prepared 
by inoculating ten-day embryos intra-allan- 
toically with 0.1 ml. of a previous passage of 
infectious allantoic fluid, usually diluted 
1:1,000. Forty-eight hours later the embryos 
are candled, and those still alive are stored 
at 4° to 5° C. for two to three hours, after 
which the eggs are opened and the allantoic 
fluids are collected and pooled. Sterile precau- 
tions are essential to prevent contamination. 
Potent pooled fluid, stored at 4° to 5° C, and 
preserved with 1:10,000 merthiolate, remains 
satisfactory as an antigen for several months, 
but should be retitrated at intervals. To titrate 
this fluid, a series of ten tubes is arranged, the 
first with 0.9 ml. and the remainder with 0.5 
ml. saline. To the first tube is added 0.1 of 


the allantoic fluid (making 1.0 ml. of a 1:10 
dilution). This is mixed, 0.5 ml. removed and 
added to tube 2, etc., giving a series of two- 
fold dilutions in 0.5 ml. volumes and covering 
the range from 1:10 to 1:5,120. An amount of 
1 percent washed erythrocyte suspension 
sufficient for this titration (3 to 6 ml.) is re- 
moved from the day’s supply so that the 
danger of contaminating this stock with virus 
is circumvented. To each tube 0.25 ml. of 
this suspension is then added, making the final 
volume 0.75 ml., and the mixtures are thor- 
oughly shaken. Readings are made after the 
tubes have remained undisturbed for two 
hours at room temperature. In reading the 
results, the last tube showing definite although 
partial agglutination is considered the end 
point. In the test for influenza antibodies, four 
units of virus in 0.25 ml. are employed. In the 
above titration of virus the agent is contained 
in 0.5 ml.; therefore, the concentration re- 
quired for the serum test is eight times that 
represented as the end point of the virus titer. 
Thus, if the last tube showing agglutination 
contained 0.5 ml. of a 1:320 dilution, eight 
times 1:320 or a 1:40 dilution would contain 
four units in 0.25 ml. volume. 

Preparation of Test Cells. Human O 
blood, either fresh or preserved for up to four 
weeks in Alsever’s solution, is employed. The 
cells are washed three to five times in saline 
solution. For the final centrifugation, the sus- 
pension is placed in a 15-ml. graduated tube 
and centrifuged at about 1,800 r. p. m. for ten 
minutes. The supernatant fluid is withdrawn, 
leaving the packed cells; the volume of cells is 
read, and enough saline solution is added to 
make a 1 percent suspension. This stock 
should be employed only on the day it is 
prepared. 

Preparation of Test Serum Dilutions. 

Two-tenths ml. of the serum to be tested 
(other than controls) is placed in 1.40 ml. 
saline (making 1.6 ml. of a 1:8 dilution), 
mixed, and inactivated in a water bath at 56° 
C. for thirty minutes. This reduces the non- 
specific inhibitory substances. Since tests for 
both A and B antibodies are made simultane- 
ously, two series of twofold dilutions of each 
serum sample are prepared. Two rows of ten 
tubes for each serum sample are placed in a 
Kahn rack. Five-tenths-milliliter amounts of 
saline solution are added to tubes Nos. 2 to 
10 in the front row. No. 1 tube (far left) in 
the front row and those in the back row are 
left empty. After the serum has been inacti- 
vated, 0.25-ml. amounts of the 1:8 dilution 
are transferred to tube No. 1 in the front row 
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and to tube No. 1 in the back row, and 0.5 ml. 
is placed in tube No. 2 of the front row. This 
is mixed thoroughly and 0.25 ml. is trans- 
ferred to tube No. 2 of the back row and 0.5 
ml. to tube No. 3 of the front row. The opera- 
tion is repeated in this manner until two 
identical series of twofold dilutions have been 
prepared. Each tube contains 0.25 ml., and 
the serum dilutions range from 1:8 to 1:4,096. 

Setting up the Test. Having prepared the 
serum dilutions, 0.25 ml. of A type allantoic 
fluid, in a dilution calculated to have four 
ageglutinating units, is added to each tube in 
the front row of dilutions of the test serum, 
and B virus is added to each tube in the back 
row. Finally, 0.25 ml. of a 1 percent suspen- 
sion of washed erythrocytes is added to each 
tube; the racks are thoroughly shaken and 
left undisturbed at room temperature until 
final readings are made two hours later. 

Preparation of the Controls. (1) Im- 
mune serum controls. Known antisera to A 
and B influenza are set up in the same manner 
as are the unknown sera except that tube No. 
1 of the first and second rows should contain 
0.25 ml. of a 1:100 dilution of antiserum and 
0.5 ml. of this dilution should be transferred 
to tube No. 2 of the front row instead of the 
1:8 dilution used for test sera. (2) Virus con- 
trol (this is set up just before virus is added 
to serum tests). Two rows of eight tubes each 
containing 0.5 ml. of saline are set up. Five- 
tenths ml. of the diluted A virus, which is to 
be used with test sera (4 units per 0.25 ml.), 
is placed in the first tube of set No. 1, mixed, 
and 0.5 ml. transferred to tube No. 2, etc., 
thus making a series of twofold dilutions in 
0.5 ml. volumes. The procedure is repeated in 
the back row, using diluted B virus. Twenty- 
five hundredths ml. of 1 percent cells is then 
added to the virus control tubes beginning at 
the right side of the rack and progressing 
toward the left; a fresh pipette is used each 
time the stock red-cell suspension is entered, 
in order to avoid possible contamination of 
cells with virus, since this results in fuzzy 
titration end points. 

Reading the Test. Two readings should 
be made, one at forty-five minutes, and one at 
two hours. This is necessitated by the fact 
that the rate of settling and the appearance of 
the agglutinating cells are influenced by the 
concentration of serum protein in the tube. 
With little protein, such as in the last five or 
six tubes, the agglutinated cells fall out slowly 
and tend to stick to the side of the bowl at 
the bottom of the tube. If not agitated, they 
form a diffuse lining of the bowl which, if 
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undisturbed, remains for many hours. Such 
tubes are readily differentiated from those in 
which agglutination has been inhibited. In the 
latter instance, the cells fail to cling to the 
margins of the bowl but slide down to the 
center, forming a compact “button” with 
sharply defined smooth edges; however, in the 
presence of more concentrated normal serum 
protein, the rate of sedimentation of the 
agglutinated cells is accelerated and the agglu- 
tination itself is more granular. Because of 
this, the cells have less tendency to cling to 
the side of the bowl and, if left for two hours, 
will have formed a “button” at the bottom of 
the tube, difficult to distinguish from that 
found in the absence of agglutination. For this 
reason, a preliminary reading is made at forty- 
five minutes, paying particular attention to 
the first few tubes of each series. At this time, 
a positive agglutination (no inhibition) con- 
sists of a definitely granular type of sediment 
on the lower sides of the bowl with a some- 
what ragged edge to the forming “‘button.” 
The tubes must not be disturbed during the 
preliminary reading, and care should be taken 
to prevent jarring the racks during the incuba- 
tion period. The titer of each sample is re- 
corded as the highest dilution of serum which 
inhibits agglutination. This is given as actual 
dilution, i. e., 1:8 for tube No. 1 and 1:4,096 
for No. 10. A significant rise in antibody is 
one in which the convalescent serum inhibits 
in at least a fourfold greater dilution than the 
acute. A shift of only one tube cannot be ac- 
cepted as evidence of antibody increase. 

Reading the Controls. The immune 
serum controls are read at two hours along 
with the test sera. Under the proper conditions 
and depending on their potency, they should 
inhibit agglutination in the first four to six 
tubes (titer 1:800 to 1:3,200). The titration 
end point of a given serum is inversely affected 
by changes in the concentration of virus used 
in the test. Nevertheless, the titer of the posi- 
tive control serum is more regularly reproduc- 
ible than that of the virus. For these reasons 
the positive control sera are of considerable 
value in correlating the results of tests on 
successive days. While wide variations in the 
number of units of virus employed in the 
diagnostic tests are to be avoided, minor 
differences (a few units) will not appreciably 
affect the titer of the control sera and will 
not obscure a diagnostic rise in antibody in 
the paired test sera. 


The same general principles employed in 
the technic described above have been used 
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in agglutination-inhibition tests with the 
other agents. The common sources of anti- 
gen and antibody for such tests are listed 
in the table which summarizes the serologic 
reactions in viral and rickettsial diseases. 
Usually it is easy to prepare these antigens, 
but Mills and Dochez (1945) found that 
suspensions of mouse lung infected with 
pneumonia virus required heating to reveal 
the hemagglutinins. Furthermore, Curnen 
and Horsfall (1947) showed that in tritu- 
rated infected mouse lungs the pneumonia 
virus was combined with normal tissue 
particles and that in this state it failed to 
agglutinate erythrocytes, but when this 
combination was disrupted by heat or alkali 
the hemagglutinin was demonstrable. 

The hemagglutinins of influenza are inti- 
mately associated with the virus particles. 
Hirst (1942a, c) demonstrated a close cor- 
relation between the infective and aggluti- 
nating titers of fresh influenzal materials 
during various manipulations, but found 
that destruction of infectivity by heat or 
storage could occur without loss of agglu- 
tinating activity. Furthermore, several 
groups of investigators (Friedewald and 
Pickels, 1944; Lauffer and Miller, 1944; 
Henle and Henle, 1946) showed that the 
hemagglutinin activity was inherent in the 
virus itself and not associated with the 
soluble antigen which has a considerably 
smaller mass than the infectious particle of 
influenza. On the other hand, the hemag- 
glutinins of vaccinia and ectromelia are re- 
ported to be associated with the soluble 
antigens of these diseases and not with the 
infectious unit (Burnet and Boake, 1946; 
Burnet and Stone, 1946). 

The relation of antibodies capable of 
inhibiting red cell agglutination to other 
viral antibodies which are demonstrable by 
different in-vitro tests or by in-vivo methods 
has been fairly well established for in- 
fluenza, but not for the other human dis- 
eases. The close and constant relationship 
between inhibiting and neutralizing anti- 
bodies in sera of men and ferrets con- 
valescent from influenza led Hirst (1942a) 


to state that in this disease the aggluti- 
nation-inhibition “test may very likely 
measure neutralizing antibodies.” Further 
evidence for this idea was presented by 
Wiener, Henle and Henle (1946), who 
showed that adsorption of antisera with 
washed virus particles removed neutralizing 
and inhibiting antibodies as well as those 
complement-fixing antibodies which react 
only with the virus particles. However, the 
principal reacting antigen in the usual 
complement-fixation test for influenza is the 
soluble antigen (Hoyle and Fairbrother, 
1937), although the virus particles partici- 
pate somewhat (Lennette and _ Horsfall, 
1940). Since the soluble antigen is not in- 
volved in the hemagglutination phenomenon 
it follows that its specific antibody is not 
related to the inhibiting antibody. Wiener, 
Henle and Henle (1946) presented experi- 
mental evidence to substantiate such an 
idea when they showed that absorption of 
immune serum with soluble antigen re- 
moved most of the complement-fixing anti- 
body without appreciably affecting the 
neutralizing and inhibiting substances. 
Burnet (1946) has recently described a 
modified type of agglutination reaction in 
mumps. Here, mumps virus from amniotic 
or allantoic fluid was adsorbed on human 
“Q” group red cells and then partially 
eluted. A suspension of such treated cells 
was relatively unstable but by proper 
manipulation could be prevented from ag- 
gregating. This balanced system was added 
to serial dilutions of acute and convalescent 
phase serum from patients with mumps; 
acute phase sera failed to agglutinate the 
treated cells, whereas the samples collected 
during convalescence caused agglutination. 
Thus, in this reaction, the stabilized treated 
cells behaved as do collodion particles, 
which, when coated with antigen are agglu- 
tinated in the presence of specific antibody. 
It remains to be seen whether this technic 
can be standardized sufficiently well to be 
of value in studies on mumps. 
Many substances which 
erythrocytes are not of viral origin. The 


agglutinate 
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Commission on Acute Respiratory Diseases 
(1946a) has shown that hemagglutinin ap- 
pears in the amniotic fluid of normal chick 
embryos. This substance is associated with 
the globulin fraction of egg albumen and 
gains access to the amniotic fluid when the 
contents of the albumen sac ruptures into 
the amniotic cavity. This occurs between 
the eleventh and thirteenth days of incuba- 
tion, The agglutinin is also present in the 
serum of adult chickens but not in that of 
chick embryos nor in their allantoic fluids. 
The material agglutinates erythrocytes from 
a number of species, including man, but not 
those from chickens. While the hemagglu- 
tinin from normal chick embryos has cer- 
tain characteristics in common with other 
organic and inorganic hemagglutinins, it 
also bears a close resemblance to certain 
of the virus hemagglutinins. This fact ren- 
ders it particularly important to workers in 
the virus field and emphasizes the need for 
specific, serologic identification of hemag- 
glutinins suspected of being associated with 
a viral agent obtained from amniotic fluid 
of inoculated eggs. Nonviral hemagglu- 
tinins have been encountered also in allan- 
toic fluids contaminated with bacteria 
(Florman, 1946) and in suspensions of 
minced tissues obtained from chorio-allan- 
toic membranes (Stone and Burnet, 1946) : 
in both instances diluted normal serum 
inhibits the agglutinin. What relation these 
three agglutinins bear to each other is still 
to be determined. 


COLD HEMAGGLUTININS 


Cold hemagglutinins are substances in 
serum which aggregate erythrocytes at low 
temperatures but not at 37° C, They bear 
no relation to the viral hemagglutinins dis- 
cussed in the preceding section. They are, 
however, of interest and importance in sev- 
eral fields of medicine and force themselves 
slightly into the field of viral diseases where 
they provide a nonspecific but useful test 
for the diagnosis of one type of atypical 
pneumonia, The nature and occurrence of 
cold hemagglutinins in various normal and 
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pathologic conditions are discussed in 
papers by the two groups of workers who 
in 1943 independently demonstrated the fre- 
quent presence of these substances in sera 
from patients with atypical pneumonia 
(Finland et al., 1945c; Turner and Jack- 


son, 1943). 
The technic for demonstrating cold 


hemagglutinins is relatively simple. There 
are several satisfactory methods available, 
among which are those described by Turner 
(Turner, Nisnewitz et al., 1943), the Com- 
mission on Acute Respiratory Diseases 
(1944), and Finland and associates (1945b). 
For the past four years the author has used 
the following technic, which is a slight 
modification of that of the first group of 
workers. 

MATERIALS FOR COLD-HEMAGGLUTININ TEST 


(1) Kahn tubes and racks 
(2) Serologic pipettes, 1.0 cc. graduated 
in hundredths 

(3) 0.9 per cent NaCl solution 

(4) Cells. Sterile human O group blood is 
used. It may be obtained from a blood bank, 
or preferably, 20 cc. may be drawn from a 
healthy adult and added to an equal volume 
of Alsever’s solution. Alsever’s solution con- 
tains 2.05 per cent dextrose, 0.42 per cent 
sodium chloride, 0.8 per cent trisodium citrate, 
and 0.55 per cent citric acid. Twenty cc. 
amounts of solution are distributed in 50 cc. 
vaccine bottles; air is partially removed by 
suction applied through a needle inserted 
through the rubber stopper, and the evacuated 
bottles are autoclaved at 15 pounds for 15 
minutes. A supply of bottles of solution may 
be kept on hand. Freshly drawn blood while 
still in the syringe is injected through the 
stopper, which has been cleaned with an 
iodine swab, and mixed with the sterile 
Alsever’s solution. The sterile blood mixtures 
may be stored at 5° C. for two weeks and 
portions removed aseptically when needed to 
prepare suspensions of washed erythrocytes. 
The cells are washed three times by sedimen- 
tation in the centrifuge and resuspended in 10 
volumes of 0.9 per cent NaCl solution. The 
final centrifugation is done in a graduated 15 
cc. tube at 2,000 r.p.m. for 10 minutes, after 
which the supernatant fluid is pipetted off 
and the volume of packed cells determined by 
inspection. Sufficient 0.9 per cent NaCl solu- 
tion is added to make a 1.0 per cent suspen- 
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sion of erythrocytes. Usually 5 cc. of blood- 
Alsever’s solution mixture yields about 1.2 
cc. of packed cells. Washed red cells are 
unsatisfactory after storage for this type of 
work. 

(S) Patient’s serum. Cold hemagglutinins 
are absorbed by erythrocytes at refrigerator 
temperature. Therefore, venous blood should 
be allowed to clot at room temperature, after 
which the serum is removed and stored in a 
refrigerator. 


PROCEDURE FOR TEST 

(1) To each of a series of 10 Kahn test 
tubes is added 0.3 cc. of NaCl solution. 0.3 
cc. of the patient’s serum is added to the first 
tube on the left, mixed, and 0.3 cc. removed 
and added to the second tube, etc. In this 
manner serum dilutions covering the range 
from 1% to Yoo,4 are prepared. 

(2) 0.3 cc. of a 1 per cent suspension of 
washed O cells is added to each tube. 

(3) The tubes are shaken and placed over- 
night in a refrigerator maintaining a tempera- 
ture of O to 5° C. It is important that the 
temperature remain within this range. Upon 
removal from the refrigerator next morning 
the tests should be read promptly since dis- 
aggregation may occur quickly at room tem- 
perature. 

(4) For reading, each tube is held in a 
good light and the bottom is flicked; if com- 
plete aggregation has occurred, a disk of 
erythrocytes floats up from the bottom of the 
tube, this is a 4 plus reaction. Tubes showing 
less agglutination are rotated back and forth 
while held vertically between the palms and 
then read with the aid of a hand lens. 

(5) In order to be sure that the aggregation 
is caused by cold hemagglutinins, the test 
tubes are next transferred to a 37° C. water 
bath and reread two hours later. The agglu- 
tination should disappear under such con- 
ditions. 


The relationship of cold hemagglutinin to 
the type of primary atypical pneumonia 
which the Commission on Acute Respira- 
tory Diseases (1946b) showed to be asso- 
ciated with a filterable agent and experi- 
mentally transmissible to human beings, has 
been summarized by Finland and co-workers 
(1945a) as follows: 

Cold agglutinins are absent early in the 


disease. They usually make their appearance 
during the second or third week after the onset 


of symptoms and the titers increase rapidly 
thereafter. The maximum titers are attained 
in most instances between the middle of the 
second and the middle of the fourth weeks. 
The height of the maximum titer appears to 
be unrelated to the time when it is attained. 
The titers drop fairly rapidly after reaching 
the maximum so that significantly lower ones 
are already found between the third and fifth 
weeks. In most of the cases, the cold agglu- 
tinins can no longer be demonstrated in a 
significant titer by the fourth to the sixth 
weeks. Significant titers persist longer in 
cases in which the maximum titers are very 
high. 

It may be added that the titer of cold 
hemagglutinins is generally proportional to 
the severity of the disease. While a number 
of factors in the different tests for cold 
hemagglutinins influence the exact value 
taken as the endpoint in the titration, there 
is general agreement among workers that a 
titer of 1/32 to 1/64 in a single convalescent 
serum is of some significance. The demon- 
stration of a fourfold or greater rise in titer 
in serum taken in convalescence when com- 
pared with that obtained in the early stage 
of illness is of greater diagnostic importance 
than is a positive result on a single sample. 

A number of viral and rickettsial agents 
can induce a disease picture similar in 
many respects to the primary atypical 
pneumonia associated with cold hemagglu- 
tinins (Smadel, 1943). However, the devel- 
opment of cold hemagglutinins is unasso- 
ciated with the appearance of specific 
antibodies against these agents, namely, 
those causing influenza A and Bb, psittaco- 
sis, lymphocytic choriomeningitis (Curnen 
et al., 1945), and Q fever (Robbins, Gauld 
and Warner, 1946). 

A more detailed discussion of the cold- 
hemagglutinin reaction in the diagnosis of 
one type of atypical pneumonia is found in 
Chapter 13. It may be pointed out at this 
time, however, that the incidence of positive 
cold-hemagglutinin reactions in cases of 
atypical pneumonia varies in different areas 
and at different times. Thus, 68 per cent of 
sera obtained from the 200 patients with 
atypical pneumonia studied in Boston dur- 
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ing 1942 to 1944 gave positive reactions 
(Finland et al., 1945b), and 44 of 83 cases 
studied in England in 1942 and 1943 yielded 
positive results (Turner, Nisnewitz et al., 
1943). In contrast, only 5 of 53 patients 
with atypical pneumonia in the Naples area 
in 1944-45 developed cold hemagglutinins ; 
however, 30 of these developed specific anti- 
bodies against Q fever (Robbins et al., 
1946). These findings bear comparison with 
the incidence of positive cold-hemagglutinin 
reactions in patients who developed atypi- 
cal pneumonia after experimental inocula- 
tion (Commission on Acute Respiratory 
Diseases, 1946b). In two experiments, 8 of 
10 and 5 of 6 volunteers developed hemag- 
glutinins. The above facts may be inter- 
preted as follows. In some outbreaks of 
atypical pneumonia, the virus which is 
associated with the appearance of cold 
hemagglutinins in a patient’s serum is the 
most frequent etiologic agent, whereas 
under different circumstances, other agents 
assume the major role, 


RICKETTSIAL AND VIRAL 
TOXINS 

Clinicians frequently have been im- 
pressed with the toxic appearance of pa- 
tients during the acute phase of a number 
of the viral and rickettsial diseases. Only in 
the last few years has it been clearly dem- 
onstrated that toxic substances are inti- 
mately associated with certain of the agents 
in this group of parasitic micro-organisms. 
Gildemeister and Haagen (1940) were the 
first to show that death of mice occurred 
within a few hours after receiving suspen- 
sions of yolk-sac tissue containing numerous 
rickettsiae of murine typhus. Shortly after- 
ward, Bengtson, Topping and Henderson 
(1945) in the United States and Otto and 
Bickhardt (1941) in Germany demonstrated 
a similar phenomenon with preparations of 
rickettsiae of epidemic typhus. The toxins 
of R. mooseri and R. prowazeki, which are 
closely related but not identical, serve as 
prototypes for toxins of rickettsial and viral 
agents, and will be discussed in detail. 
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Table 6 summarizes certain information 
about these toxins. 

Typhus toxins are demonstrable only in 
preparations which are extremely rich in 
infectious rickettsial organisms, and yolk- 
sac tissue has almost invariably been the 
source of such materials. The rapid death 
of animals following the injection of lethal 
preparations leads to the conclusion that 
the effect is that of a toxin and not one 
dependent upon overwhelming infection. 
This idea is well substantiated by the find- 
ings in studies of murine typhus as well as 
in those of scrub typhus (Smadel et al., 
1946a, b) and the lymphogranuloma 
venereum-psittacosis group of diseases 
(Rake and Jones, 1944). Animals which 
fail to succumb within a few hours may 
recover from their acute illness and re- 
main well for several days to a week, 
after which they then develop the usual 
signs of infection and die. It has not yet 
been possible to dissociate the toxins from 
the infectious agents. The unsuccessful at- 
tempts to separate the toxic materials from 
the infectious agents may be dependent 
upon the fact that the toxins are extremely 
labile substances. For instance, in the case 
of rickettsiae of epidemic typhus, the addi- 
tion of formaldehyde to toxic preparations 
of yolk sac destroys their capacity to kill 
mice (Bengtson et al., 1945), but such non- 
infectious material contains an antigen 
which elicits the production of antitoxin in 
man and guinea pigs (Topping, Henderson 
and Bengtson, 1945) and resistance in mice 
to the action of the toxin (Craigie et al., 
1940). Thus, the epidemic typhus toxin 
itself is extremely labile, but the toxoid 
produced by treatment with formalin is re- 
markably stable. In a similar manner, the 
toxins of murine typhus and several dis- 
eases of the psittacosis-lymphogranuloma 
venereum group remain immunogenic after 
inactivation, Furthermore, noninfectious 
preparations of influenza A and B viruses 
are capable of immunizing mice against the 
toxic factors associated with the active 
agents (Henle and Henle, 1946), 
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TABLE 6. Toxtns ASSOCIATED WITH RICKETTSIAE AND VIRUSES 











Test Toxic MANIFESTATIONS SPECIFICITY OF 














Group AGENT Route IN ANIMALS ANTITOXIN 
PE a — SOC — cinerea 
R. prowazeki 1" ad 8 oe Epidemic typhus toxin neu- 
R. mooseri Teas dak. Dyspnea, weakness, cyanosis, tralized by murine anti- 
Ridetivias convulsions and death; onset serum about as well as by 
2 hours, most deaths before 6 homologous antiserum, and 
hours. vice versa. 
R. orientalis LV. Marked. 
Lymphogranu- I.V., LP. Lethargy, dyspnea, and death; _ : 
loma vene- onset 4 hours, most deaths 
reum before 24 hours. 


Meningopneu-_ L.V., LP. 





Lymphogranu- monitis Each toxin neutralized by ho- 
loma-Psittacosis Prostration and death; onset 30 mologous but not by heter- 
minutes; most deaths at 4 ologous antiserum, 
hours, others at 30 hours, 
Mouse pneu- with same signs. 
monitis Ly. 
Feline pneu- 
monitis EV sek: Death 6-24 hours. 
Le. Hyperirritability, convulsions, ai 
death 12-48 hours. 
Influenza A LP. LV. Death 16-72 hours. 
Rabbit Haziness, thickening of cornea; Each toxin neutralized by ho- 
cornea onset at 24 hrs., complete at mologous but not by heter- 
72 hours. ologous antiserum. 
Influenza Influenza B ts. ar, Same as influenza A. 
EV; 
Rabbit Same as influenza A. 
cornea 
Swine Influ- | Bi overs IB 388 Same as influenza A. 
enza iy. 





All toxic materials are obtained from infected yolk-sac tissue except those of influenza which are usually 
derived from infected chorio-allantoic fluid. 

The test animal used for demonstrating toxic effect is the mouse in all instances except influenza where 
the rabbit is also used. 


I.V. = intravenous I.P. = intraperitoneal I.C. = intracerebral 





As a rule, the toxins elicit antibodies cific antitoxins which fail to react with 
toxins of closely related viruses, 

Clinical and pathologic manifestations of 
toxins associated with different rickettsiae 
are similar. Animals show no signs of illness 
for 1 to 2 hours after inoculation, then 


which are highly specific. Although there is 
considerable crossing between the antitoxins 
associated with R. mooseri and RK. prowa- 
zeki, they can be distinguished one from 


another by appropriate tests (Hamilton, 
1945). The toxin of the Gilliam strain of develop weakness and dyspnea, followed 


scrub typhus is so specific that the produc- rapidly by prostration and convulsive 
tion of antitoxin against it is limited to — seizures which usually terminate in death 
certain strains of R. orientalis (Smadel_ within 1% or 3 hours; all deaths from 
et al., 1946b). In a like manner, viruses rickettsial toxins occur within 18 hours. 
of the lymphogranuloma-venereum group However, toxic deaths caused by viral 
(Rake and Jones, 1944) and the influenza agents may be delayed a day or So. Mice 
group (Henle and Henle, 1946) elicit spe- which die rapidly from rickettsial toxins 
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show only a general vascular congestion. 
Mice which succumb late to the viral toxins 
frequently show focal necrotic changes in 
their livers (Rake and Jones, 1944; Henle 
and Henle, 1946). While the mouse is used 
almost exclusively in studies of this type, 
some of the toxins have been demonstrated 
by their effects on other animals. Thus, 
influenza A and B viruses injected into the 
eye of the rabbit induce a corneal response 
(Evans and Rickard, 1945). It may be 
mentioned that the toxic factors of R. pro- 
wazeki recently described by Olitzki, 
Czaczkes and Kuzenok (1946) as being re- 
lated to the endotoxins of Gram-negative 
bacteria bear little apparent relation to the 
mouse lethal toxin. 

Little is known about the nature of the 
toxins or of their importance in disease. 
Studies on the substances, however, have 
already proved useful in the immunologic 
separation of certain members of the lym- 
phogranuloma-venereum group (Hamre and 
Rake, 1944), and have provided a standard 
method for assaying the potency of typhus 
vaccines (Anonymous, 1945). However, the 
viral and rickettsial toxins have not yet 
become of diagnostic importance in medi- 
cine. 


SOLUBLE ANTIGENS 


The term “soluble antigens” has been 
applied to a group of serologically specific 
substances which are found in certain viral 
and rickettsial diseases but which are not 
the infectious agents themselves. These non- 
infectious soluble antigens have diverse 
chemical and physical properties but re- 
semble each other in having a minute size 
when compared with the agents with which 
they are associated and in possessing some, 
but not all, of the immunologic properties 
of the intact agent. Such a description sug- 
gests that soluble antigens are either frac- 
tions or products of the microbiologic 
agents; while this idea is speculative, it is 
consistent with most of the known facts. 
The description also implies that soluble 
antigens occur and are recognized most 
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readily among the large, more complex vi- 
ruses and the rickettsiae. This is indeed 
the case. The list of the diseases of man 
in which soluble antigens have been dem- 
onstrated includes five of the rickettsial 
infections, two groups of the elementary- 
body diseases, and two maladies caused by 
viruses of intermediate size. As one goes 
down the list of agents in respect to size, 
it becomes increasingly difficult to obtain 
experimental evidence which will permit the 
recognition of a soluble antigen separable 
from the virus. It is because of such tech- 
nical difficulties that the noninfectious, 
serologically specific substance found in 
infections caused by the virus of yellow 
fever (Hughes, 1933; Lennette and Perlo- 
wagora, 1945) is not included in the present 
discussion of soluble antigens. 

Craigie (1932), working with vaccinia, 
was the first to prove the existence of a 
soluble antigen among the viral and rickett- 
sial agents. Extensive information has been 
accumulated on this protein molecule, now 
called LS antigen, as well as on another 
soluble antigen of vaccinia, i.e., one ex- 
tracted from elementary bodies and desig- 
nated NP because of its nucleoprotein 
nature (Smadel, Rivers and Hoagland, 
1942). LS is common to vaccinia and vari- 
ola but NP has only been searched for in 
the former. Immunization with these anti- 
gens neither induces protection in animals 
nor elicits neutralizing substances against 
the virus although both substances are anti- 
genic, since they induce antibodies which 
fix complement or precipitate in the pres- 
ence of homologous antigen. At least one 
soluble antigen has been found in the psit- 
tacosis-lymphogranuloma venereum group. 
Lazarus and Meyer (1939) encountered 
such a substance in work on psittacosis as 
did Hilleman and Nigg (1946) in studies 
on lymphogranuloma venereum. The latter 
workers considered the antigen to be a 
glucolipid-like substance and found that it 
reacted in complement-fixation tests with 
antisera against a number of viruses of this 
group. The soluble substance of lympho- 
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cytic choriomeningitis is useful in diagnostic 
complement-fixation tests with human and 
animal sera, but, like the soluble antigens 
of vaccinia, plays no role in resistance to 
infection (Smadel and Wall, 1940). Simi- 
larly, the soluble antigens of influenza A 
and B react in complement-fixation tests 
with homologous antibodies which appear 
to be unrelated to neutralizing antibodies 
(see section on viral hemagglutinins). 

Although soluble substances were not 
recognized among the rickettsial agents 
until 1942, a considerable amount of infor- 
mation was quickly obtained concerning 
them because of their relation to military 
medicine, All these data have not appeared 
in the published literature but several 
recent reviews summarize much of it (Plotz, 
1948: Smadel, 1948a, b). The soluble anti- 
gen of epidemic typhus is derived from 
crude suspensions of infected tissue from 
which intact rickettsiae are removed by 
centrifugation and probably represents more 
than one antigenic substance, It possesses 
most of the immunogenic properties of 
intact rickettsiae (Topping and Shear, 
1945: Plotz, 1948), and for this reason was 
retained in the epidemic typhus vaccine em- 
ployed during World War II by the mili- 
tary forces of the United States. This vac- 
cine was an ether extracted 10 per cent 
suspension of infected yolk-sac tissue inac- 
tivated by formaldehyde. 

The soluble antigens of epidemic and 
murine typhus are so closely related sero- 
logically that they are essentially indistin- 
guishable. Hence, their presence in antigens 
intended for use in diagnostic complement- 
fixation tests interferes with differentiation 
of these two diseases. For this reason, Plotz 
and co-workers (1948) eliminated such ma- 
terials from their rickettsial antigens by 
repeated washing (see section on comple- 
ment fixation). A common soluble antigen 
is associated with the agents of Rocky 
Mountain spotted fever and boutonneuse 
fever (Plotz, Reagan and Wertman, 1944), 
and a serologicaily related substance may 
account for the cross reaction obtained in 
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complement-fixation tests with materials 
from spotted fever and_ rickettsialpox 


(Huebner and co-workers, 1946). Although 
a serologically active substance with the 
general properties of a soluble antigen has 
been demonstrated by complement-fixation 
tests in materials from tissues infected with 
R. orientalis (Smadel, Rights and Jackson, 
1946), its relation to the antigens of scrub 
typhus, which have to do with immunity 
and neutralizing antibody, remains to be 
elucidated. 

Discussion of the nature of the soluble 
antigens found in_ rickettsial materials 
should be delayed until data accumulated 
in different laboratories during the past few 
years are brought together and evaluated. 
Some of the apparent inconsistencies may 
then be resolved on the basis of differences 
in technic and materials employed. It may 
be noted that the soluble antigen of epi- 
demic typhus is quite large when compared 
with the LS antigen of vaccinia and that it 
could be either a large molecule or a small 
particle; with such a size the question arises 
as to whether it forms a solution or a sus- 
pension, Here, as in the field of specific 
flocculation, some of the points of possible 
disagreement may be eliminated when a 
consensus is reached on the lower limit for 
size of particles and the upper limit for 
size of molecules. However, as the various 
antigens become fully characterized and 
named, the term “soluble antigen” will 
probably fall into disuse. 

The 
rickettsial diseases of man are summarized 
in Table 7. A number of viral diseases are 
not mentioned in the table because accept- 


serologic reactions in viral and 


able serologic procedures for them have not 
yet been developed, or are of doubtful 
value, or are too highly technical to be of 
general importance. The diseases which are 
omitted from the table are as follows: com- 
mon cold, chickenpox, German measles, 
inclusion blenorrhea, infectious hepatitis, 
measles, molluscum contagiosum, trachoma, 
verruca and herpes zoster. 
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Chick-Embryo Technics 


INTRODUCTION 


The living cells of the extra-embryonic 
membranes and tissues, organs and yolk sac 
of the developing chick embryo provide the 
environmental factors required for multi- 
plication of most of the viruses and rickett- 
siae known to be pathogenic for man and 
animals. Infection of the embryo with many 
of the viruses, rickettsiae and pathogenic 
bacteria provides a useful method for the 
experimental analysis of problems relating 
to the host and host cell-parasite relation- 
ship concerned in many infectious diseases. 
Direct isolation of the infectious agent by 
the inoculation of embryos with properly 
collected and treated materials from pa- 
tients is fast gaining recognition as a stand- 
ard procedure for the etiologic diagnosis of 
several viral and bacterial diseases. The 
infected embryo has been adapted to the 
preparation of diagonstic antigens and the 
large scale production of vaccines. It has 
also been utilized for the analysis of factors 
related to immunity and for the study and 
biologic assay of therapeutic agents. 


HIsTORY 


The potentialities for the experimental 
investigation of infectious diseases inherent 
in the chick-embryo method were first em- 
phasized by Goodpasture and his collabora- 
tors (Goodpasture, 1933). Adapting the 
technic described by Clark (1920) for 
embryologic work, Woodruff and Good- 
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pasture (1931) initiated widespread inter- 
est and adaptation of this method when 
they described infection of the chorio- 
allantoic membrane with the virus of fowl 
pox. Soon thereafter Goodpasture, Wood- 
ruff and Buddingh (1931, 1932) reported 
infection of the chorio-allantois with the 
viruses of vaccinia and herpes simplex. 
Smallpox vaccine prepared from this source 
was first successfully used by Goodpasture 
and Buddingh (1933, 1934, 1935). Follow- 
ing the reports of Burnet (1933), Burnet 
and Ferry (1934), and Burnet and Gallo- 
way (1934) on the infection of the embryo 
with canarypox, fowl plague, Newcastle dis- 
ease and vesicular stomatitis, Burnet and 
his associates were responsible for rapidly 
enlarging the scope to which the embryo 
method is applicable. The extensive work 
of numerous investigators who have had a 
part in its application cannot be reviewed 
here. A list of the viruses and rickettsiae 
responsible for human infections thus far 
found to be infectious for the embryo and 
of the authors of the original reports is pre- 
sented in Table 8. The publications of 
Burnet (1936), Goodpasture (1938, 1939, 
1940), and Beveridge and Burnet (1946) 
provide additional information regarding 
the history of the development of the chick- 
embryo method. Investigations in which the 
chick embryo was used prior to 1931 for 
the study of infectious agents have been 
reviewed by Goodpasture (1938). He states 
that in view of remarks by Levaditi (1906), 


H Have BEEN 
TABLE 8. VIRUSES AND RICKETTSIAE OF HUMAN INFECTIONS WHIC 
PROPAGATED IN THE CHICK EMBRYO 








VIRUS OR RICKETTSIA 


Vaccinia 
Herpes simplex 


Rickettsiae, Mexican typhus 
(murine) 

Rickettsiae, European typhus 
(epidemic) 

Rift Valley fever 

Rickettsiae, Sao Paulo fever 

Variola (alastrim) 

Equine encephalomyelitis 

Rickettsiae, Rocky Mt. 
spotted fever 

Lymphogranuloma inguinale 

Epidemic influenza 


Lymphocytic chorio- 
meningitis 

Louping-ill 

Common cold 

St. Louis encephalitis 

Yellow fever 

Rickettsiae, Australian Q 
fever 

Meningopneumonitis 

Japanese B. encephalitis 

Rickettsiae, Sumatran mite 
fever 

Rabies 

B. Virus 


Rickettsiae, fievre 
boutonneuse 

Rickettsiae, American Q fever 

Measles 

Rickettsiae, Tsutsugamushi 
disease 

Durand’s disease 

Atypical pneumonia 

Herpes zoster 


Mumps 
Colorado tick fever 


ROUTE OF INOCULATION AND 
AGE oF Emsryo Most 
COMMONLY USED 


Chorio-allantois, 10-14 days 


Chorio-allantois, 10-12 days 


Yolk sac, 6-8 days 


Yolk sac, 6-8 days 

Chorio-allantois, 10-12 days 
Chorio-allantois, 10-12 days 
Chorio-allantois, 10-12 days 
Chorio-allantois, 10-12 days 


Yolk sac, 6-8 days 

Yolk sac, 6-8 days 

Allantoic cavity, amnion, 10- 
14 days 


Chorio-allantois 
Chorio-allantois, 10-12 
Chorio-allantois, 10-12 
Chorio-allantois, 10-12 
Embryo, 6-8 days 


days 
days 
days 


Chorio-allantois, 10-12 
Chorio-allantois, 10-12 
Chorio-allantois, 10-12 


days 
days 
days 


Chorio-allantois, 10-12 
Intracerebral, 8-12 days 
Chorio-allantois, 10-12 


days 


days 


Chorio-allantois 
Yolk sac, 6-8 days 
Chorio-allantois, 10-12 days 


Chorio-allantois, 10-12 days 

Chorio-allantois, 10-12 days 

Amnion, 10-12 days 

Human skin grafts on the 
chorio-allantois 


Yolk sac, 6-8 days 
Yolk sac, 7 days 


ORIGINAL PUBLICATION 


Goodpasture, Woodruff and 
Buddingh, 1931 
Goodpasture, Woodruff and 


Buddingh, 1931 
Zia, 1934 


Zia, 1934 

Saddington, 1934 

da Cunha, 1934 

Torres and Teixeira, 1935 
Burnet and Rountree, 1935 


Bengtson and Dyer, 1935 
Miyagawa et. al., 1935 


Wilson Smith, 1935 


Bengtson and Wooley, 1936 
Burnet, 1936 

Kneeland and Mills, 1936 
Harrison and Moore, 1936 
Elmendorf and Smith, 1937 


Burnet and Freeman, 1937 
Francis and Magill, 1938 
Haagen and Crodel, 1938 


Wolf, 1938 
Dawson, 1939 


Burnet, Lush and Johnson 
1939 


? 


Mason and Alexander, 1939 
Cox, 1939 
Rake and Shaffer, 1939 


Fukazumi, 1940 
Findlay, 1942 
Eaton and Meiklejohn, 1944 


Goodpasture 
1944 
Habel, 1945 


and Anderson, 


Koprowski and Cox, 1946 
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Borrel may be considered to have been the 
first to use the chick embryo for this pur- 
pose. Other notable contributions are those 
of Rous and Murphy (1911) with the agent 
of fowl sarcoma, Jouan and Staub (1920) 
with fowl pest, and Gay and Thompson 
(1928) with vaccinia virus. 


GENERAL CONSIDERATIONS 


The numerous factors which influence 
the growth of infectious agents in the chick 
embryo are as yet poorly understood, Em- 
pirical observations have indicated that 
embryos younger than 10 or 11 days usu- 
ally die from infection within a relatively 
short period of time because of the rapidity 
of multiplication of infectious agents. It has 
thus been found convenient in many in- 
stances to use young embryos when large 
quantities of a particular virus are desired. 
Older embryos, depending to some extent 
on the virulence of the infectious agent 
introduced, are more likely to respond with 
characteristic cellular reactions and are 
more suitable for the study of details of 
infectious processes. 

Great variation has been observed in the 
manner in which different viruses and 
rickettsiae are adapted to growth in the 
various cells, tissues, organs and structures 
of the embryo. Consequently different 
routes of inoculation are employed for dif- 
ferent purposes with the same or different 
viruses. For example, vaccinia apparently 
thrives best in the chorio-allantois, influenza 
virus is most readily obtained in quantity 
following intra-allantoic or amniotic inocu- 
lation; rickettsiae, on the other hand, pro- 
liferate most readily in the yolk sac. More 
specific information regarding the choice of 
age of embryos and the route of inoculation 
employed with different infectious agents 
for specific purposes should be obtained by 
consulting original reports and discussions 
in the separate chapters of this book. 

The developing embryo exhibits a re- 
markable tenacity of life in the face of the 
various manipulative procedures involved 
in inoculation technics. After facility and 


familiarity with the basic technical proced- 
ures are developed by practice, operative 
mortality of embryos becomes negligible. 
With the more commonly used technics of 
chorio-allantoic, allantoic, amniotic and 
yolk-sac inoculation, the mortality from 
manipulation alone can be kept below 
10 per cent. The acquisition of technical 
facility is also by far the best defense 
against bacterial contamination, The aseptic 
precautions observed in routine bacterio- 
logic technics are of necessity required. 

More detailed accounts of the various 
technics involved in the chick-embryo 
method are to be found in the publications 
by Goodpasture and Buddingh (1935), 
Burnet (1936), Polk, Buddingh and Good- 
pasture (1938), and Beveridge and Burnet 
(1946). 


MATERIALS AND EQUIPMENT 
FertTILe Ecco SUPPLY 

Commercial hatcheries are good sources 
for eggs of high fertility, proper size, clean- 
liness and freedom from natural infections. 

INCUBATORS 

Commercial poultry incubators equipped 
with electric heating units, temperature 
controls, humidifiers, forced air circulation 
and automatic turning devices give the best 
results for preliminary incubation at 38° 
to 39° C. and from 45 to 60 per cent rela- 
tive humidity. Inoculated embryos are usu- 
ally incubated at from 36° to 37.5° C. in 
bacteriologic incubators. Lower tempera- 
tures are required in special instances. 
Humidity is supplied from water in a 
shallow pan which is placed on or near the 
bottom of the incubator, The inoculated 
eggs are maintained in the proper position 
in specially designed trays or racks and are 
not turned, 


Ecc CANDLER 


establish- 
types. 


Commercial poultry supply 
ments carry various satisfactory 
Improvised candlers can easily be con- 
structed, 
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EccsHELL CUTTING DRILL 


A stationary electric dental motor con- 
nected to a flexible drive shaft fitted with 
a straight-handled, sliding chuck into which 
a carborundum grinding disk can be inserted 
is recommended. S. S. White Dental Co. 
abrasive points No. 11 set at right angles 
to the drive shaft are most satisfactory. 
Motor speed is controlled by a rheostat with 
attached foot treadle. Small electric hand 
motors are less adaptable. Sharp pointed 
steel trocars, diamond-point pencils, and 
sharp-pointed scissor blades can be substi- 
tuted but these are cumbersome. 


MIscELLANEOUS INSTRUMENTS 


Half-spear-point dissecting needles which 
can be sterilized in a flame are best suited 
for cutting the shell-membrane. Ten-cc., 
metal veterinary syringes are convenient 
for dispensing petrolatum-paraffin mixtures. 
Forceps, scissors and other instruments 
used for removing or dissecting various 
embryonic structures may be suited to indi- 
vidual requirements. They are most con- 
veniently sterilized in a portable electric 
steam sterilizer within easy access to the 
operator. Metal racks which will support 
several eggs in proper position during 
inoculation can be constructed. Stands for 
supporting single eggs during removal of 
infectious material are easily made by re- 
moving the wire cutting-frame from “hard 
boiled egg cutters” obtainable at household 
supply counters. 


TECHNICAL PROCEDURES PRE- 
LIMINARY TO INOCULATION 


Ecc CaNDLING 

Transillumination of incubated eggs by 
means of the candler will distinguish in- 
fertile eggs and dead embryos from living 
embryos. Experience alone can develop the 
necessary familiarity with the appearance 
and location of the air sac, the extra- 
embryonic blood vessels, the size and gross 
anatomical divisions of the embryo, and the 


position of the amniotic cavity and yolk 
sac, 


CHICK-EMBRYO TECHNICS 


CLEANSING OF THE EGGSHELL 

Washing or scrubbing with soap and 
water removes the outer protective gelat- 
inous coating of the eggshell and invites 
contamination with surface and air-borne 
micro-organisms. Tincture of iodine, mer- 
thiolate or alcohol may be applied to the 
shell area to be penetrated as an antiseptic 
precaution. Obviously soiled eggs are dis- 
carded. 


DRILLING OF THE EGGSHELL 


Individual modifications of this proce- 
dure will be developed by each operator. 
Figure 21 presents the best method for 
holding the egg and guiding the drill during 
the operation. The drill should be run at 
moderate speed. The shell should be pene- 
trated at one point and the cut enlarged to 
the desired size by grinding against the 
uncut edge, rather than by to and fro move- 
ments over the entire extent of the cut. 
Injury to the underlying shell-membrane 
and chorio-allantois must be avoided. After 
the drilling is completed the isolated seg- 
ment and the immediately adjacent shell is 
covered with a thin layer of melted paraffin, 
kept between 60° and 65° C. 


EXPOSURE OF THE EMBRYO AND ITS 
MEMBRANES 


Good visualization of the embryonic 
structures is required for properly con- 
trolled inoculation. A sufficiently large seg- 
ment of shell and its adhering shell- 
membrane should be removed overlying the 
position of the structure to be inoculated 
as determined while candling the eggs. The 
“window” or “shell-flap” methods described 
here are most commonly used. 

The Window Method. A segment from 
1 to 2 cm. square, as in Figure 21, is cut 
out of the shell with a dental drill. If the 
chorio-allantois is to be “dropped” a small 
drill hole is also made in the shell over the 
air sac. With the egg placed in a suitable 
support, the shell-membrane is cut by 
means of a sterile half-spear-point dissect- 
ing needle along 3 sides of the rectangle. 
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Care is exercised to prevent injury to the 
underlying chorio-allantois. With the re- 
maining uncut edge acting as a hinge, the 
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Fic. 21. Drawing illustrating method 
of cutting window in eggshell with 
dental drill. 


shell segment is pried upward, grasped with 
forceps or the fingers and torn off. The 
chorio-allantois can then be dropped to 
provide a wide expanse of flat membrane 
for inoculation by puncturing the shell- 
membrane over the air sac. After the inocu- 
lation is completed the window is sur- 
rounded with a ring of sterile petrolatum- 
paraffin mixture (8 parts petrolatum, 1 part 
paraffin) expressed from a metal veterinary 
syringe. A clean cover-slip from a supply 
kept in 95 per cent alcohol is picked up with 
forceps and the alcohol adhering to it is 
burned off after which, while still warm, it 
is pressed down on the petrolatum-paraffin 
ring, sealing the opening (Fig. 22). Strips 
of Scotch tape also effectively seal the 
window. Squares of cellophane, sterilized in 
boiling water and rendered adhesive by 
being dipped just before use in 10 per cent 
egg albumen may also be used (Beveridge 
and Burnet, 1946). 

Burnet’s modification of this method is 
less likely to cause injury to the chorio- 
allantois. A triangular window is cut in the 
eggshell. The shell segment is carefully 
separated from the underlying — shell- 
membrane. A small slit is then made 
through a drop of sterile saline placed in 


the center of the exposed shell-membrane. 
Suction is next applied to a drill hole over 
the air sac by means of a rubber bulb. The 
egg contents settle, separating the shell- 
membrane from the chorio-allantois, The 
opening is then enlarged by tearing off part 
of or all the exposed  shell-membrane. 
Alexander (1938) and Dunham (1942) have 
described technics further modified by 
Burnet (Beveridge and Burnet, 1946) 
which have been devised to reduce to a 
minimum accidental injury to the chorio- 
allantois. Exposure of the chorio-allantois 
and embryo through the air sac has been 
advocated by Taylor and Chialvo (1942). 

The Shell-flap Method. The shell seg- 
ment can be replaced to seal the opening. 
A triangular cut, 1 cm. at the base and 1.5 
to 2.cm. along the sides, is made in the shell. 
The shell-membrane is cut along the sides 
of the triangle and the segment pried up- 
ward from the apex with the base acting as 
a hinge. Inoculations are made while the 
shell segment is held steady with forceps 





Fic. 22. Drawing illustrating closure 
of opening in eggshell by a cover-slip 
after inoculation of chick embryo. 


and then it is allowed to fall back to its 
original position, The cut is sealed care- 
fully with melted paraffin. 


INOCULATION THROUGH A SMALL 
Dritt HoLe 


Injections into the egg can be made with 
a needle and syringe through a small drill 
hole. Where exact localization of the 
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inoculum is not required, this procedure 
may be performed more or less blindly. 
Hirst (1942) has described injection of 
embryos and the amniotic sac while the 
egg is transilluminated by a strong light 
source in the candler. 


MetuHop oF EXPOSURE FOR REMOVAL 
OF LESIONS AND FLUIDS FROM 
THE EMBRYO 


Adequate exposure through an enlarged 
opening in the eggshell which will provide 
good visualization of the embryo and its 





Fic. 23. Drawing illustrating an 
embryonated egg opened for removal 
of tissues and fluids. 


extra-embryonic structures is required for 
the removal of lesions, tissues and fluids. 
The original window can be enlarged by 
breaking away the shell with forceps. Con- 
taminants will often be introduced with 
shell fragments by this method. When the 
window or shell-flap method is used the 
danger of contamination is greatly reduced 
by removing intact a large segment of shell 
as shown in Figure 23. With a dental drill a 
cut is made in the shell along the entire 
circumference of the long axis of the egg. 
Hot paraffin is spread over the entire cut. 


CHICK-EMBRYO TECHNICS 


The egg is then placed on a support con- 
tained in a convenient receptacle. The shell- 
membrane is cut through with a sterile half- 
spear-point dissecting needle, leaving about 
2 or 3 cm. intact at the air sac. As indicated 
in Figure 23, the entire top is then turned 
over with the intact piece of shell-membrane 
serving as a hinge. Good exposure is thus 
effected. The chorio-allantois, allantoic fluid, 
amniotic fluid, the embryo and yolk sac are 
easily removed with a minimum of danger 
of contamination. When inoculations have 
been made through a small drill hole, the 
shell sector over the air sac should be re- 
moved by cutting around its entire circum- 
ference with a dental drill or by means of 
scissors. 


TECHNICS OF INOCULATION 


INOCULUM 


It is essential that the inoculum be bac- 
teriologically sterile. A few bacteria of low 
virulence which accidentally gain entrance 
during inoculation usually do not thrive in 
the embryo and rarely constitute a source 
of error. Spore-bearing saprophytes and the 
more common pathogens, however, grow 
rapidly, frequently killing the embryo long 
before any appreciable effects of virus infec- 
tions can be noted. Slow-growing diph- 
theroids and an unidentified strain of Gram- 
positive cocci have been encountered which 
are readily overlooked and transmitted in 
Serial passage. They incite low grade inflam- 
matory reactions which obscure specific 
responses. Pleuropneumonia-like organisms 
have been encountered as contaminants by 
Van Herick and Eaton (1945). Common 
molds are occasionally troublesome con- 
taminants. 

The original inoculum used to initiate 
infection in the embryo may be obtained 
or rendered bacteriologically sterile by sev- 
eral well-recognized means. Bacteria-free 
vesicle fluid in vaccinia, smallpox and 
herpes simplex can be withdrawn asepti- 
cally at the proper Stage of the disease. 


CHORIO-ALLANTOIC MEMBRANE 


Blood may sometimes prove infectious. 
Preliminary passage through susceptible 
laboratory animals with aseptic removal of 
the virus-containing tissues is most fre- 
quently required, Filtration of tissue sus- 
pensions, exudates, pharyngeal washings, 
etc. through Berkefeld, Seitz or other suit- 
able filters is in many cases effective. 
Properly adjusted mixtures of penicillin 
and streptomycin have been found to be 
effective in preventing the growth of bac- 
teria introduced with the inoculum (Rose, 
Pearce and Molloy, 1946; McKee and Hale, 
1947). 


Adequate bacterial sterility controls 
should be maintained on all tissues and 
fluids removed from infected embryos. 


Small portions from each individual harvest 
should be inoculated into appropriate media. 
Pools for serial passage should be made 
from samples which prove to be free from 
bacteria. If an entire passage in a series 
becomes contaminated, the use of penicillin- 
streptomycin mixtures will often prove 
effective in preventing the growth of the 
bacteria, When large amounts of infected 
materials are involved, sterility control is 
more conveniently performed on small pools 
or batches. 


CHORIO-ALLANTOIC MEMBRANE 
INOCULATION 


The chorio-allantoic membrane (Fig. 24) 
is composed of three layers, each of which 
represents one of the primary germinal 
layers. The outer or ectodermal layer con- 
sists of chorionic epithelium which arises 
early in embryonic development as an out- 
growth of the dorsal somatopleure. Directly 
beneath it is the mesoderm representing a 
fusion of chorionic and allantoic mesoderm. 
The entoderm is made up of the inner lining 
of the rapidly expanding allantois which 
originates as a diverticulum from the em- 
bryonic hind gut. A rich capillary network, 
numerous arterioles and venules with their 
accompanying lymph channels are present 
in the mesodermal layer. No nervous tissue 
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has been demonstrated in the membrane. 
Phe chorio-allantois provides an admirable 
living substrate for many viruses and micro- 
organisms, 

Act or EmBryos 


Embryos that have been incubated from 
9 to 10 days can be used, but those in- 
cubated 11 or 12 days are most suitable. 


CANDLING 


Embryos which show a_ well-developed 
membranal circulation on transillumination 
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Fic. 24. Diagram of embryonated 
egg of 11 days’ incubation showing 
the important structures involved in 
the chick-embryo technics. 


are chosen. The shell is marked in the area 
overlying the best. developed fixed blood 
vessels. 


Metruop or EXposuRE 


The window method including dropping 
of the chorio-allantois is preferred. The 
shell-flap method is also satisfactory. 


INOCULATION 


Small bits of infected tissue can be 
gently rubbed over the exposed membranal 
surface. Measured amounts of various dilu- 
tions of the inoculum can be introduced 
from calibrated pipettes or syringes. The 
inoculation fluid should be spread evenly 
over the available membranal surface. Vol- 


umes up to 2 cc, can be introduced. 
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INCUBATION AND EXAMINATION OF 
MEMBRANAL LESIONS 


After the shell opening has been sealea 
the inoculated embryos are in most in- 
stances incubated at 37° C. At this tempera- 
ture most virus lesions in the membrane 
reach maximum development in 48 to 96 
hours. In those infections which spread to 
the embryo, death usually occurs within this 
period. The few observations which have 
been made seem to indicate that tempera- 
tures lower than 37° C, are unfavorable to 
virus infections of the membrane. Rickett- 
siae apparently are favorably influenced 
by temperatures as low as 32° C. (Zia, 
1934). The progress of the membranal in- 
fection can be followed at regular intervals 
by making observations through the cover- 
glass window either with the naked eye or 
with a dissecting microscope. The cover- 
glass may be removed at any time and small 
bits of membranal tissue excised from more 
avascular areas for the purpose of making 
smears or transplants. Samples of exudate 
for smears or culture can be transferred on 
a sterile bacteriologic loop. Goodpasture 
(1933) briefly described a method for 
making membranal preparations in which 
the progress of the infection could be 
observed through the Leitz “Ultropak” 
equipment, Himmelweit (1938) independ- 
ently adapted and refined this technic and 
made direct observations on vaccinia and 
ectromelia infections of the membrane. 


Gross AND Microscopic APPEARANCE OF 
CHORIO-ALLANTOIC LESIONS 


Normal Appearance. The uninoculated 
chorio-allantois exposed by the window or 
shell-flap method incubated at 37° C. for 
from 48 to 96 hours retains its normal trans- 
parency and resilience. Slight, irregular 
opacities extending along blood vessels, 
which are caused by minor injuries or 
hemorrhage incident to the operative proce- 
dures, are frequently seen. Microscopically, 
normal membranes show no disturbances 
in the continuity of the ectodermal epi- 
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thelium which is no more than one to two 
cells in thickness. Occasional foci of pro- 
liferating ectoderm or small ulcers at points 
of injury are encountered. The mesoderm is 
slightly thicker than in undisturbed mem- 
branes. Focal proliferations of fibroblasts 
and histiocytes may be observed around 
blood vessels or directly beneath the point 
where the membranal surface is injured. 
Accumulations of inflammatory cells are 
seldom if ever encountered. The entoderm 
usually remains undisturbed by the opera- 
tive procedures. 

Nonspecific Lesions. Emulsions or fil- 
trates of noninfective foreign or embryonic 
tissue placed on the chorio-allantois provoke 
nonspecific responses of varying degree and 
intensity. Pin-point translucent ectodermal 
papules and small irregular ulcerations fre- 
quently develop. Irregular focal opacities 
extending along blood vessels, small hemor- 
rhages and moderate edema develop in the 
mesoderm. Nonspecific changes are usually 
sharply confined to the area in which the 
inoculum is placed. Secondary foci do not 
develop and progressive spread of the re- 
action to the immediately adjacent areas 
does not take place. Upon microscopic ex- 
amination great variation is observed in the 
nature and degree of these nonspecific le- 
sions. Focal or extensive ectodermal ulcera- 
tions occcur directly beneath the debris 
derived from the inoculum, Various degrees 
of focal ectodermal proliferations especially 
at the ulcer edges may develop. The meso- 
derm shows varying degrees of edema and 
hemorrhage, More or less intensive prolif- 
eration of fibroblasts and mononuclear 
histiocytes localized directly beneath ecto- 
dermal ulcerations and in the perivascular 
areas develop in the mesoderm, There is 
usually a relatively moderate leukocytic 
reaction, The entoderm frequently responds 
With papillary or villouslike proliferative 
changes. 

Specific Lesions. The gross and micro- 
Scopic features characteristic of each virus 
infection to which the chorio-allantois is 
susceptible cannot be detailed here. T he age 
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at which the membrane is inoculated and 
the size of the infecting dose exert a marked 
influence on the appearance of the lesions. 
Ten- and 11-day-old membranes usually de- 
velop a diffuse confluent opacity and edema. 
They frequently exhibit extensive ulcers, 
areas of necrosis and hemorrhage regardless 
of the size of the inoculum. Twelve- to 14- 
day-old membranes are much more likely 
to develop focal, pocklike lesions especially 
if a dilute virus suspension is introduced. 
In the latter, differences in the gross ap- 
pearance of the lesions are distinct enough 
to the practiced eye to permit differentiation 
between specific infections. Diffuse opacity 
and edema, hemorrhage of varying extent, 
focal thickenings or pocks, vesicles, ulcers, 
areas of necrosis and the collection of in- 
flammatory exudate on the surface of and 
in the membrane are features common to 
most specific membranal lesions and may be 
regarded as indicative of infection. The pro- 
gressive spread of the reaction from original 
foci, the development of secondary lesions 
and the death of the embryo are further 
indications of an active infectious process. 

Microscopically, the membranal lesions 
in many virus infections exhibit features 
which are specifically characteristic, The 
nature and intensity of the inflammatory 
response is usually determined by the extent 
of the necrosis produced by the infecting 
agent, and by circulatory disturbances, such 
as thrombosis and capillary injury. Mor- 
phologic changes in the nature of hyper- 
plasia, hypertrophy, focal cellular prolifera- 
tions associated with varying degrees of 
necrosis, vesicle and pock formation occur 
in infected membranes. 

The presence of intracytoplasmic or 
intranuclear inclusions pathognomonic for 
many virus infections further aids in estab- 
lishing the specificity of the lesion, Non- 
specific inclusions such as keratin granules, 
fragments of leukocytes and erythrocytes 
within ectodermal and entodermal epithelial 
cells must be distinguished. Condensations 
in the cytoplasm, irregularities in staining 
of mesodermal fibroblasts, mononuclears 
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and endothelial cells might be misinter- 
preted for specific inclusions. 

In addition to careful histologic control, 
the specificity of the infective agent should 
wherever possible, be determined by inocu- 
lation into susceptible laboratory animals. 
Specific prevention or alteration of the 
membranal lesion by means of known 
immune serum can be demonstrated in 
many infections. Complement fixation with 
extracts prepared from membranal lesions 
may also be employed. 


REMOVAL, GRINDING AND HIsTOLOGIC 
PREPARATION OF MEMBRANAL LESIONS 


Wide exposure of the egg contents by 
the technic previously described affords the 
most satisfactory means of removing mem- 
branal lesions. Forty-eight to 72 hours have 
been found to be the average optimum time 
limit with incubation at 37° C. for collect- 
ing material containing the maximum 
amount of the infectious agent, except in 
those instances where the virus is highly 
lethal and kills the embryo within 24 or 
48 hours, Embryos which are dead within 
24 hours without visible signs of infection 
are usually discarded. 

A simple and effective means for grinding 
small quantities of membranal lesions is to 
pool several in a sterile mortar covered with 
a Petri dish top. The mortar is then placed 
in a freezing mixture of ice and salt and 
set in the refrigerator until the lesions are 
thoroughly frozen. The mortar is then re- 
moved from the freezing mixture and the 
frozen mass pounded with a sterile pestle 
until broken into small particles. As soon 
as thawing sets in grinding is begun and 
the material reduced to a smooth paste. The 
suspending medium is then slowly added in 
sufficient quantity so that the emulsion can 
be drawn up in a pipette. 

Membranal lesions for histologic study 
may be removed from living embryos at any 
desired interval following inoculation. Small 
portions of the lesion for smears, bacterial 
control, serial passage or animal inocula- 
tion may first be cut out with sterile instru- 
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ments. The infected area and a generous 
portion of surrounding normal membrane 
is completely separated with sterile scissors 
and forceps and spread out flat on a piece 
of moistened towel paper. This will prevent 
curling and wrinkling during fixation, After 
fixation in the desired fixing fluid, washing 
and preliminary hardening in 80 per cent 
alcohol strips or blocks for paraffin embed- 
ding can be cut with a sharp safety razor 
blade. A complete histologic study of the 
infectious process, which in many instances 
spreads to the embryo from the membrane, 
often provides valuable information (Bud- 
dingh, 1936; Gallavan, 1937; Buddingh 
and Polk, 1939). Whole embryos less than 
14 days old can be fixed. Rapid fixation of 
the internal organs is effected by slitting the 
anterior abdominal and thoracic wall and 
the skull. After fixation, washing and pre- 
liminary hardening in 80 per cent alcohol, 
feathers can be easily plucked from the 
skin. The embryo is then sliced in any 
plane desired. The blocks are embedded for 
sectioning, mounting and staining. 


TITRATION OF VirUS SUSPENSIONS AND 
Virus-NEUTRALIZING ANTIBODIES BY 
THE Pock-CountTING METHOD 


Burnet and his co-workers, Keogh (1936), 
Burnet (1936), Burnet and Lush (1936), 
have introduced virus titration and virus- 
neutralizing antibody titration by means of 
the so-called pock-counting method, Several 
viruses such as those of variola, vaccinia, 
herpes, fowl pox and ectromelia, when 
inoculated in measured amounts of suit- 
able dilutions on the surface of the dropped 
chorio-allantois of 12-day-old embryos, pro- 
duce easily recognizable, discrete, focal 
lesions. Usually after from 36 to 72 hours 
of incubation following inoculation, an in- 
fected membrane can be exposed or removed 
and discrete lesions or pocks counted, If 
sufficient embryos, 4 to 6, are inoculated 
with standard amounts, 0.05 to 0.1 cc:, of 
each dilution, Satisfactory quantitative esti- 
mations of the relative amount of infective 
virus can be obtained. Serum-virus mixtures 
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for testing the neutralizing-antibody con- 
tent in immune serum can be subjected to 
the same procedure which will give reason- 
ably accurate titrations. For details of the 
method and its application, the original 
papers listed and the monographs by Burnet 
(1936) and Beveridge and Burnet (1946) 
should be consulted. 


AMNIOTIC INOCULATION 


The amnion (Fig. 24) originates as an 
outgrowth from the ventral somatopleure ; 
by the 5th day it completely envelops the 
embryo except at the yolk stalk. The 
embryo is completely submerged in the 
amniotic fluid which fills the amniotic sac. 
Introduction of infectious agents into the 
amniotic fluid exposes the inner epithelial 
lining of the amnion and the epidermal 
epithelium of younger embryos to infection. 
In embryos 12 days old and older, respira- 
tory and swallowing movements further 
serve to bring the infectious agents into 
contact with the mucous membranes of 
the mouth, nose, paranasal sinuses, naso- 
pharynx, trachea, bronchi, esophagus and 
the more proximal portions of the gastro- 
intestinal tract. By this route of approach 
to the developing embryo infectious proc- 
esses can be initiated in which the respira- 
tory and gastro-intestinal tracts are utilized 
as portals of entry. Localization of the dis- 
ease process in tissues and organs accessible 
by these routes has been found to occur in 
many instances. 


Microscopic study of the embryos infected 
by the amniotic route, sacrificed and fixed 
at regular intervals after inoculation, in 
many instances provides important infor- 
mation regarding early Stages in patho- 
genesis of various infectious processes, This 
has been done in a few instances as with 
influenza (Burnet, 1940), herpes simplex 
(Anderson, 1940), H. influenzae (Gallavan, 
1938), H. pertussis (Gallavan and Good- 
pasture, 1938), C. diphtheriae (Cromartie, 
1941), and meningococci (Buddingh and 
Polk, 1939), 


AMNIOTIC 


AGE oF EMBRYOS 


Embryos from 7 to 15 days incubation 
can be used. The age chosen is largely de- 
termined by the virus used or the type of 
investigation undertaken. Slow growing 
viruses of relatively low virulence may be 
benefited by the longer period of incubation 
afforded by 7- to 8-day embryos. Viruses, 
for example those of vaccinia, influenza and 
herpes, proliferate in abundance when intro- 
duced into the amnion of 8- to 9-day em- 
bryos and apparently are released from 
the infected cells into the surrounding 
amniotic fluid. This fluid, when collected 
as soon as the embryos succumb to the in- 
fection, provides a rich, relatively cell-free 
source of virus adaptable to many purposes. 
Its virus content can be greatly increased 
if the infected embryos are also collected 
and added to the fluid. Gentle agitation 
will release a large proportion of the in- 
fected embryonic epidermis into the fluid. 
Amniotic infection at this stage of develop- 
ment takes advantage of the uniform sus- 
ceptibility of a relatively wide expanse of 
naked embryonic epidermic before the 
feathers develop and provides an easily 
manageable virus suspension, When studies 
regarding the pathogenesis, localization, tis- 
sue reaction and course of virus, rickettsial 
or bacterial infection of the embryos are 
contemplated, 12- to 15-day-old embryos 
serve the purpose more usefully. 


CANDLING 


Embryos of the desired age are candled 
and the shell marked over the area where 
embryonic movements are most easily ob- 
served. Identification of the large mobile 
amniotic vein is a further aid in locating 
the position of the embryo and its surround- 
ing amniotic cavity. 


Metuop oF EXxPposuRE 


The window method is by far the most 
satisfactory, giving an adequate view of the 
course and location of the injecting needle. 
The shell-flap method is also adaptable. In 
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jection through a small drill hole can be 
performed with proper transillumination of 
the egg (Hirst, 1942). 


INOCULATION 


Inoculation is best effected by means of 
a needle and syringe. Gauge 22 or 23 
needles, 114 to 114 inch in length, are used. 
With the embryo exposed by the window 
method, the amniotic cavity is entered by 
introducing the needle through the chorio- 
allantois as near the edge of the yolk sac as 
possible without entering it. While the 
needle is pushed forward in this position 
with the point directed toward the embryo 
it will be seen that the yolk is slightly 
pulled over toward the embryo by the 
thrust of the needle. The weight of the yolk 
will serve to pull the amnion over the needle 
and entry into the amnion is effected. This 
method when carefully practiced will elimi- 
nate the necessity of slitting the chorio. 
allantois and grasping the amnion with 
forceps. 


INCUBATION 


The period of incubation will vary with 
the type of virus, size of inoculum and age 
of embryo used. The effect of temperatures 
lower than 37° C. on various virus infec- 
tions induced by the amniotic route has 
been investigated in only a few instances. 
Several investigators have found that in- 
fluenza virus proliferates more rapidly at 
35° C. in embryos inoculated into the 


amnion. 


APPEARANCE oF AMNIOTIC [FLUID 
AND EmpBryos INFECTED BY THE 
AmNnIotTIC ROUTE 


Most of the changes described in em- 
bryos infected by the amniotic route have 
been nonspecific. If the embryo survives 
from 48 to 96 hours, retardation in develop- 
ment, subcutaneous hemorrhage, shedding 
of feathers, edema and cellular debris in the 
trachea have been described especially in 
influenza (Burnet, 1940). Generalized sub- 
cutaneous hemorrhage in embryos dead 
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from infection cannot be regarded as spe- 
cific as this is also observed in embryos 
dead from nonspecific causes. Various de- 
grees of cloudiness of the amniotic fluid, 
although usually associated with infection, 
cannot be considered as indicative of it. 
The actual presence of virus must be demon- 
strated by the production of specific infec- 
tion in susceptible animals or by suitable 
serologic tests. 


COLLECTION oF AMNIOTIC FLUID 


Amniotic fluid from infected embryos is 
most conveniently collected when the em- 
bryo is exposed as previously described. 
The fluid is most easily collected by grasp- 
ing the embryo with sterile forceps intro- 
ducing the point of a Pasteur pipette and 
manipulating the embryo and its surround- 
ing membranes in such a way as to prevent 
obstruction of the pipette when suction is 
applied. The amount collected per embryo 
will vary from 1 to 5 cc, Adequate bacterial 
sterility controls should be run on each indi- 
vidual harvest or on small pools. Since 
amniotic fluid contains very little protein, 
the addition of 10 per cent inactivated nor- 
mal serum is required to protect some 
viruses against deterioration during storage 
at ordinary refrigerator or dry-ice box tem- 
peratures. 


ALLANTOIC INOCULATION 


Allantoic inoculation is particularly use- 
ful for the propagation of influenza virus, 
in that it constitutes a rich source of virus 
for the preparation of vaccine or for general 
experimental work. It has also proven to be 
extremely useful in the titration of influenza 
immune bodies by the hemagglutination- 
inhibition test of Hirst. 


AGE oF EmBryos aNp CANDLING 


Embryos that have been incubated from 
10 to 11 days are usually used, During 
candling, the eggshell is marked at a site 
Where the chorio-allantois appears to be 


well developed in an area free of large blood 
vessels, 
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INOCULATION 


Exposure of the chorio-allantois by means 
of a window is usually not required. A 
small groove from 2 to 3 mm. long and 
1 mm. wide is drilled into the shell without 
injury to the shell-membrane. The groove 
is covered with hot paraffin. The inoculum 
can then be introduced in the desired 
amount with a needle and syringe by pierc- 
ing the shell-membrane and the chorio- 
allantois for a few millimeters. The open- 
ing is sealed with a thin layer of melted 
paraffin. Incubation is continued at 37° C. 
or at lower temperatures if desired. 


COLLECTION oF ALLANTOIC FLUID 


With influenza infection of the embryo, 
the fluid is collected from 36 to 48 hours 
after inoculation. If fluid free from red 
blood cells is desired, the embryos are 
chilled in the refrigerator for a few hours 
or overnight. After removing the shell over 
the air sac, the egg is placed in an egg cup 
or other convenient support. The exposed 
shell-membrane and chorio-allantois are cut 
away and the allantoic fluid is removed by 
means of a pipette. 

No specific characteristics indicative of 
the presence of infectious agents can be ob- 
served in allantoic fluid. Slight cloudiness 
from the presence of a few inflammatory 
cells may be observed. If bleeding into the 
fluid is allowed to take place during its 
removal, red cell agglutination (Hirst phe- 
nomenon) may be observed in the presence 
of the viruses of influenza, vaccinia, ectro- 
melia, Newcastle disease and possibly other 
viral infections. In embryos older than 12 
days, there is a steady increase of urate 
concentration in the allantoic fluid. Upon 
standing at refrigerator temperatures these 
substances precipitate and produce a cloudy 
or milky appearance. 


YOLK-SAC INOCULATION 


The cells of the embryonic yolk sac are 
particularly susceptible to infection with 
various types of rickettsiae and the agents 


INTRAVENOUS 


of lympogranuloma venereum, psittacosis 
and mumps. 


AcE or EMBRYOS AND CANDLING 


Living embryos that have been incubated 
from 5 to 8 days are generally used, 


INOCULATION 


When relatively few embryos are inocu- 
lated the window method may be used to 
advantage. Inoculation is performed with a 
20 to 22 gauge needle and syringe. The yolk 
is readily recognized through the window 
and the site of injection visually controlled. 
The yolk sac can also be entered through 
the blunt end of the eggshell by way of a 
drill hole sufficiently large to admit the 
needle. The cut is covered with hot paraffin, 
tincture of iodine or merthiolate. The in- 
oculating needle is inserted through the 
drill hole and directed inward along the 
long axis of the egg for 2 or 3 cm. so that 
the injection is made near the center of the 
egg. The drill hole is then sealed with a 
drop of melted paraffin, Inoculated embryos 
are incubated at temperatures which are 
found to be most suitable for the prolifera- 
tion of the agent under investigation. 


COLLECTION AND STUDY OF 
INFECTED YOLK 


Removal of the top sector of the eggshell 
as previously described is most convenient 
for collecting infected yolk from embryos 
inoculated by the window method. The egg 
may also be entered through the blunt end 
by breaking away the shell, or separating 
it in one piece after cutting around the air 
sac with scissors or a dental drill. In either 
event, the embryo is first removed with 
sterile forceps after cutting through the 
membranes and umbilical stalk. The yolk 
sac is grasped at the umbilical stalk and 
transferred to a sterile Petri dish. Gentle 
washing with sterile saline solution will re- 
move most of the yolk. Small samples of 
yolk sac can then be cut away for making 
smears, sterility controls or subinoculations. 
Pools of bacteriologically sterile yolk sac 
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are subsequently ground, shaken with glass 
beads or subjected to other procedures 
designed to produce a suspension of the 
infecting agents which may be used for 
experimental work, vaccine or antigen pro- 
duction, Virus infections of the yolk sac in 
which the agent cannot be demonstrated in 
properly prepared smears require critical 
control to establish the specificity of the 
process. Subinoculation into susceptible 
laboratory animals, specific virus neutraliza- 
tion with known antiserum, specific com- 
plement fixation, and, where applicable, 
hemagglutination reactions have been used 
to good advantage. Careful histologic con- 
trol of appropriately fixed and stained yolk 
sac should not be neglected. 


INTRAVENOUS INOCULATION 

Intravenous injection has found no wide- 
spread application in the study of experi- 
mental infections of the chick embryo. It 
nevertheless has value in studies concerned 
with the dissemination of disease-producing 
agents upon introduction into the blood 
stream and the pathogenesis of the infec- 
tious process under these circumstances. 
The method can be adapted to the study 
of the distribution and persistence of im- 
mune bodies following intravenous injection 
(Polk, Buddingh and Goodpasture, 1938). 
The effect of specific antibodies on the 
course of infection also can be studied by 
this means (Buddingh and Polk, 1939). 


AGE OF EMBRYOS AND CANDLING 


Embryos that have been incubated from 
10 to 14 days are most suitable for intra- 
venous injection. In candling, one of the 
larger, fixed membranal veins is located and 
outlined with a mark on the overlying 


shell. 


INOCULATION 


The window method is used for exposing 
the membranal veins. The chorio-allantois 
should not be dropped. Injection is per- 
formed with a sharp, 27-gauge needle and 
tuberculin syringe. The direction of the 
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blood flow in the vein is determined. By 
careful manipulation, the needle is intro- 
duced into the vein. Considerable practice 
is required to perform this operation suc- 
cessfully. Injection is made slowly in the 
direction of the blood flow. From 0.05 to 
0.5 cc. can be introduced. Eichhorn (1940) 
has introduced the following modification 
in this technic. The egg is candled as de- 
scribed and a shell segment from 1 to 2 
cm, square is cut out over the location of 
the vein. The shell is removed carefully, 
leaving the underlying shell-membrane in- 
tact. A drop of sterile mineral oil applied to 
the shell-membrane renders it transparent. 
Injection into the vein is then accomplished 
with the intact shell-membrane serving to 
stabilize and fix the membranal veins. Hem- 
orrhage subsequent to removal of the needle 
is reduced to a minimum by this technic. 
Small amounts of blood may be collected 
from the embryonic circulation by follow- 
ing either technic described. If the embryo 
is to be sacrificed, it is more convenient to 
remove it from the egg, and withdraw blood 
directly from the exposed heart by means 
of needle and syringe or capillary pipette. 


INTRACEREBRAL INOCULATION 


The cells of the embryonic brain are sus- 
ceptible upon intracerebral inoculation to 
infection with the viruses of herpes (Ander- 
son, 1940) and rabies (Dawson, 1941). 
Buddingh and Polk (1939) described men- 
ingococcus meningitis in embryos inocu- 
lated intracerebrally. 


AGE or EmBryos AND CANDLING 


Embryos that have been incubated from 
8 to 14 days can be used. In candling, the 
eggshell is marked in the area directly over- 
lying the embryonic head which usually can 
be readily identified by the prominent out- 
line of the eyes. 


INOCULATION 


The window method is most Suitable. 
The embryo will be found more accessible 
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if the egg contents are not dropped by punc- 
turing the air sac. The inoculum is intro- 
duced by means of a 114-inch, 22 or 24 
gauge needle and tuberculin syringe. In 
most instances the embryonic head will be 
visible through the window. With a sharp 
thrust of the needle, the injection is made 
directly through the skull. The usual dose 
is from 0.02 to 0.5 cc. If necessary, by care- 
ful manipulation, sterile forceps can be 
introduced through a small slit in the 
chorio-allantois whereupon the embryo is 
grasped by the beak and held in position 
while the injection is made. 


COLLECTION AND STUDY OF 
INFECTED BRAIN TISSUES 


Intracerebral inoculation is likely to be 
attended with a higher mortality rate from 
manipulative procedures than are other in- 
oculation technics. From 30 to 40 per cent 
of embryos will frequently die, but, with 
increasing facility gained from practice, 
fatalities can be reduced to 10 per cent or 
less. Death resulting from the inoculation 
procedure usually takes place within 24 or 
48 hours, and such embryos are discarded. 
Death of the embryos occurring later than 
48 hours after intracerebral inoculation 
may be taken as indicative of infection. 
Dawson (1941) described the gross changes 
which occur in embryos inoculated intra- 
cerebrally with rabies virus. Hemorrhagic 
necrosis and atrophy of brain tissues, hydro- 
cephalus and marked retardation in the 
rate of development of embryos are char- 
acteristic of this infection. Wide-spread 
intracranial hemorrhage and necrosis of 
cerebral tissues develop after 72 hours fol- 
lowing intracerebral injection with herpes 
simplex (Anderson, 1940), The embryos are 
removed from the eggshell at any desired 
interval following inoculation. Sections for 
histologic study are best made by fixing the 
entire head and cutting blocks for em- 
bedding in cross and longitudinal section 
as described by Dawson (1941). Control of 
the specificity of the infectious process is 
obtained by the demonstration of lesions 
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characteristic of the disease, by subinocula- 
tion into susceptible laboratory animals, or 
by appropriate serologic tests. 


MISCELLANEOUS ROUTES 
OF INOCULATION 


When the window method is employed, 
injections may be made into the embryo by 
the intraocular or intraperitoneal route. 
Accessible parts of the embryonic body wall 
also can be injected. In general, the same 
procedures indicated for intracerebral in- 
oculations are followed. 


INOCULATION OF FOREIGN TISSUE GRAFTS 
ON THE CHORIO-ALLANTOIS 


Many foreign tissues can be grafted suc- 
cessfully into the chorio-allantois. When 
established, these grafts can be infected 
with various viruses, and in a few instances 
have served for the propagation of viruses 
which are not infectious for chick-embryo 
tissues. TenBroeck (1941) was able to grow 
the virus of hog cholera in minced swine 
testis placed on the membrane. Goodpasture 
and Anderson (1942) used grafts of human 
skin and human fetal membranes in the 
study of several viruses, and succeeded in 
infecting sheets of human amnion with the 
virus of mare abortion, which does not in- 
fect the chorio-allantois. 

Goodpasture, Douglas and Anderson 
(1938) first grafted human skin from adults 
or children on the chorio-allantois. Epi- 
thelium and a thin layer of corium are ob- 
tained under aseptic conditions. Small 
pieces, about 1 cm. square, are cut with a 
sharp scalpel and carefully spread, corium 
side down, on the surface of the chorio- 
allantois of 10- to 12-day embryos. The skin 
takes readily and can be inoculated within 
24 or 48 hours after grafting. Skin from 
hatched chicks and from adult fowls non- 
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immune and immune to fowl pox could be 
grafted readily onto the chorio-allantois, 
and was found to be equally suceptible to 
infection with the virus of fowl pox by 
Goodpasture and Anderson (1940). Human 
fetal membranal tisue was grafted on the 
chorio-allantois by Goodpasture and Ander- 
son (1942), A sheet of thin membrane, from 
5 to 8 cm. square, located near the placenta 
is cut out with sterile instruments. It is then 
spread on a sterile block of cork moistened 
with saline. The thin layer of decidua is 
stripped from the chorion with forceps. The 
remaining thin sheet can then be easily 
separated by means of forceps into its com- 
ponent layers of chorion and amnion. Small, 
l-cm. square blocks of either amnion or 
chorion are cut with a sharp scalpel and 
carefully transferred to the chorio-allantois 
by means of a specially designed spatula. 
The grafts may be inoculated before or 
within 24 or 48 hours after being placed on 
the chorio-allantois, 


User or Eccs OTHER THAN HENs’ 


Because of their greater availability 
chicken embryos have been almost exclu- 
sively used for the propagation of viruses 
and rickettsiae. Duck eggs and turkey eggs 
have an incubation period of about 4 weeks 
as compared with 3 weeks for the hen’s 
egg and might prove advantageous for the 
study of infectious agents with long incuba- 
tion periods. Most observations have been 
made with duck embryos which, in general, 
seem to exhibit the same susceptibility as 
do chick embryos. Brandly (1937) observed 
that the virus of infectious laryngotra- 
cheitis of fowls proliferates in the chorio- 
allantois of chick and turkey embryos but 
not in those of ducks, guinea-fowl or pigeons. 
Harris (1945) has described vaccinia infec- 
tion of turtle embryos. 
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Propagation of Viruses and Rickettsiae 
in Tissue Cultures 


It is not surprising that attempts to 
propagate viruses in the presence of cells 
existing in vitro followed the development 
by Harrison (1907) of a simple method of 
tissue culture. For even at that time it was 
apparent to most observers that viruses, 
unlike bacteria, fail to multiply when in- 
oculated into lifeless media. Later it was 
also recognized that rickettsiae could be 
grown only in association with living cells. 
Steinhardt, Israeli and Lambert (1913) re- 
revealed the possibilities of this new technic 
for the cultivation of viruses. They showed 
that the virus of vaccinia at least survived 
for several weeks in tissue cultures pre- 
pared with fragments of the cornea of 
guinea pigs and rabbits. They did not, how- 
ever, obtain unequivocal evidence that mul- 
tiplication of the agent occurred, although 
their results suggested that its infectivity 
had increased six to ten times, An increase 
of this magnitude is not sufficient to indi- 
cate multiplication, In fact, twelve years 
elapsed before data were presented by 
Parker and Nye (1925) which removed any 
doubt regarding the capacity of viruses to 
multiply in tissue cultures. These investi- 
gators carried vaccinia virus through a 
series of 11 cultures of rabbit testicular tis- 
sue and found that the last contained 51,000 
times as much virus as did the initial prep- 
aration. Since this demonstration many 
viruses and rickettsiae pathogenic for man 
and lower animals have been maintained by 


serial passage in tissue cultures. Lists of 
most of the viruses reported to have been 
cultivated up to 1940 will be found in re- 
views of Hallauer (1938) and Sanders 
(1939). Subsequent to these publications 
there have been very few descriptions of 
agents grown for the first time in tissue cul- 
tures. Of these, however, the propagation 
of scrub typhus rickettsiae (Plotz, Bennett 
and Reagan, 1946) and the virus of epi- 
demic keratoconjunctivitis may be men- 
tioned (Sanders, 1943). 

The technic has been applied to investi- 
gation of several fundamental problems in 
respect to viruses and rickettsiae, such as 
(a) enumeration of conditions essential for 
their propagation; (b) site of their multi- 
plication; (c) interactions between the 
agents and the cells which they attack: 
(d) changes in pathogenicity which may 
occur as a result of cultivation in vitro: 
and, finally, (e) details of the mechanisms 
of natural and acquired immunity in infec- 
tions caused by them. Already through such 
Studies a method for the successful control 
of one important disease, yellow fever, has 
been devised. In this chapter the principal 
technics which have been employed for the 
culture of viruses and rickettsiae will be 
outlined, and certain of the advances which 
have been made toward the solution of 
problems mentioned above will be very 
briefly reviewed. Chick-embryo technics 
are described in Chapter 4. 
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METHODS OF TISSUE CULTURE 


METHODS OF TISSUE CULTURE 
EMPLOYED IN THE CULTIVATION 
OF VIRUSES AND RICKETTSIAE 


Although various forms of culture have 
been used which differ in composition of 
the nutritive menstruum and conditions of 
maintenance, in all of them the essential 
elements consist of living cells obtained 
from a suitable animal and a physiologic 
fluid. For convenience of description, the 
various types of culture may be divided into 
two categories. The first includes those in 
which the cells are supported in or on a 
semisolid or solid substrate. This usually 
consists of fibrin, generated from plasma 
at the time the culture is prepared; but 
agar, or long strands of cellulose, or the 
vessel wall itself have in some instances 
been employed. The second class comprises 
the methods in which fragments of tissue 
are suspended in a liquid medium. Before 
discussing different types of culture, the 
manner in which the various constituents 
are obtained and handled will be described. 


STERILITY 


Strictest precautions to exclude bacterial 
contamination must be observed in the ap- 
plication of any of the procedures to be 
described. All manipulations are carried 
out either in hoods into which only the 
hands and arms of a worker are introduced, 
or in rooms designed so that the bacterial 
content of the air can be reduced to a mini- 
mum (Parker, 1938). With the exception of 
tissue fragments, all constituents of the cul- 
tures are tested for sterility before they are 
used by inoculation into suitable bacterio- 
logic media. Through the use of sulfona- 
mide drugs and antibiotics it would appear 
that one of the greatest difficulties, i.e., 
bacterial contamination, in achieving suc- 
cessful results with tissue cultures will be 
much diminished, since these substances 
have little or no effect on most viruses or 
rickettsiae. Thus, Relova and Enders (un- 
published experiments, 1940) found that 
sulfapyridine in concentrations of 20 mg. 
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per cent did not influence multiplication of 
the virus of herpes simplex, vaccinia, eastern 
equine encephalitis, or influenza A growing 
in roller-tube cultures of chick-embryonic 
tissue. Recently, studies have appeared on 
the effect of a variety of sulfonamide drugs 
(Kaprowski and Lennette, 1944; Rose, 
Molloy and O'Neill, 1945) on the growth of 
chick tissue and the prevention by peni- 
cillin of bacterial growth following the in- 
oculation of sputum, 
‘TISSUES 

In most instances, the mincing of tissue 
for cultures is accomplished quickly and 
conveniently by repeatedly cutting through 
a piece of the tissue, placed in the bottom 
of a 50 cc. centrifuge tube, by means of 
long-handled scissors. If it is desired to 
obtain very uniform preparations, a cataract 
knife should be employed to cut the frag- 
ments from a small block of tissue placed 
on a glass or porcelain plate. In making 
explants from an original culture, a cataract 
knife is essential. Many kinds of tissue have 
been used. These have been obtained from 
avian and mammalian embryos, as well as 
from adult forms. Because of their availa- 
bility and ease of growth in cultures, tis- 
sues of the chick embryo have been adopted 
for many studies. Seven- to 9-day embryos 
which have been incubated at from 37° to 
39° C. are usually selected. 


PLASMA 


Although representing a heterologous ele- 
ment in some cultures, plasma of the fowl 
has been found suitable for nearly all pur- 
poses. The fibrin clot derived from it is 
firmer, more transparent, and more resist- 
ant to lytic enzymes which are produced 
during cell growth than are clots formed 
from mammalian plasma. Blood may be 
drawn from the wing vein or from the 
heart. Large, well-nourished birds should be 
selected and fasted for at least 24 hours 
before being bled. The blood may be col- 
lected in chilled, paraffin-lined tubes, or 
mixed as it is drawn into the syringe with 
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1:500 heparin in salt solution (1 part tor 
each 9 parts of blood). To avoid hemolysis 
only dry glassware should be used. After 
separation, the plasma, which will stay in 
good condition for several weeks at 4° C., 
is stored in stoppered tubes. Recently it has 
been suggested that purified bovine throm- 
bin and fibrinogen may be substituted for 
chicken plasma as a substrate for tissue 
cultures (Porter and Hawn, 1947). These 
materials might have the advantage of uni- 
formity and can be preserved for long 
periods of time without alteration, Hether- 
ington (1944) has shown that plasma, 
serum and embryonic extracts dried from 
the frozen state and stored are also suitable 
for tissue-culture work. 


SERUM 


Serum homologous for the tissue em- 
ployed is often used in making up the 
nutrient fluid which also contains tissue ex- 
tracts and balanced salt solution in variable 
proportions, Serum is obtained by bringing 
about coagulation of plasma or by allowing 
whole blood to clot. The supernatant serum 
is removed after it has been expressed from 
the clot. Great care should be taken to avoid 
hemolysis during the preparation of the 
serum. Instead of the crude serum, Simms 
and Sanders (1942) have used an ultra- 
filtrate of serum. This retains the growth- 
promoting attributes of the serum but does 
not lead to the deposition of intracellular 
fat granules which occurs in the presence of 
whole serum. 


TissuE Extract 

Extract of chick embryo is usually added 
to the nutrient fluid, although for certain 
purposes extracts of adult spleen or other 
organs have been substituted, Nine- to 11- 
day embryos incubated at from 37° to 
39° C. are most suitable, After removal of 
the eyes—the rods of the retinae look like 
bacteria and may lead to an erroneous con- 
clusion that a culture is contaminated—the 
embryos are cut into very small pieces with 
scissors or reduced to a pulp by grinding in 
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a mortar. Sufficient amount of a baianced 
salt solution is then added to give a sus- 
pension consisting of equal parts of fluid 
and tissue which is allowed to stand at 
37° C. for half an hour. After centrifuga- 
tion, the supernatant fluid is removed and 
stored in stoppered tubes in an icebox. 


SALT SOLUTIONS 


A variety of mixtures of inorganic salts 
have been employed, most of which have 
been modifications of Tyrode’s solution, 
Simm ’s salt solution is more easily prepared 
from stock solutions which may be pre- 
served indefinitely (Sanders, 1939); it also 
has given excellent results. 


FORMULA FOR TyYRODE’s SOLUTION 
PARKER (1938) 


Freezing Point —0.62° C. 


Sodium chloride .............. 8.00 Gm. 
Potassium chloride ............ 0.20 Gm. 
Calcium chloride (CaCl) ...... 0.20 Gm. 
Magnesium chloride (MgCl. 6 

HgOy see 0.10 Gm, 
Sodium acid phosphate 

(NaH2PO,H20) ............ 0.05 Gm. 
Sodium bicarbonate (NaHCO;) . 1.00 Gm. 
Glucose? cr a ee 1.00 Gm. 
Water, triply glass-distilled, to 

MAKE 2s. ou nt te 1,000 cc. 


Extensive descriptions of procedures for 
the cultivation of tissues can be found in 
the monographs of Parker (1938) and 
Fischer (1930), and in the review by San- 
ders (1939), 


METHODS INVOLVING THE USE 
OF SOLID OR SEMISOLID 
SUBSTRATES 


PLasMa or Hancrnc-Drop CULTURES 


This is the method originally devised by 
Harrison, and, next to the suspended-cell 
technic at Li and Rivers (1930), is the 
simplest of all procedures. It is chiefly use- 
ful in studying, from the histologic stand- 
point, the effect of viruses or rickettsiae on 
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cells and in the determination of the via- 
bility of tissue fragments exposed to the 
action of such agents in other types of 
tissue culture where cell growth cannot be 
directly observed. Because of the small 
quantities of tissue which must be used and 
the necessity for frequently transferring the 
fragments or parts of them (explantation) 
to fresh media, this technic has not been 
employed much recently except for these 
purposes, 

Plasma-drop cultures are prepared in the 
following manner. The tissue is divided into 
fragments measuring about 1 mm, in the 
longest dimension, The size of the fragment 
is of great significance in obtaining success- 
ful results with all types of culture; if the 
fragment is too large the center will become 
necrotic, whereas if it is too small growth 
of new cells may be scanty or absent. The 
optimal yield of virus is also correlated with 
the optimal size of the fragment. The frag- 
ment is centered in a drop of medium which 
has previously been placed on a thin cover- 
slip and which usually consists of a mixture 
of equal parts of plasma and a balanced 
salt solution. After coagulation of the 
plasma, which is induced by the presence 
of the tissue, has occurred, the preparation 
is inverted over the cavity in a thick slide 
with a deep depression. Melted paraffin is 
applied to the edges of the coverslip which 
establishes a permanent, airtight seal. Prep- 
arations are usually maintained at 37.5° C., 
but for the cultivation of certain agents 
lower temperatures (35° and 32° C.) have 
been found to be suitable. Growth of cells 
may be stimulated or increased by the addi- 
tion of tissue extract. If employed, one part 
of such an extract is usually added to one 
part of the balanced salt solution, The prep- 
aration may be examined under the oil im- 
mersion lens in the fresh state, or sections 
may be cut after fixing, staining, and em- 
bedding; fixation is carried out while the 
tissue is still adherent to the coverglass. To 
make explants, a fragment with its out- 
growth of new cells is divided by means of 
a cataract knife into two or more equal 
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parts which are then transferred to fresh 
plasma drops, In the vresence of actively 
growing cells, explantation must be done 
every 2 or 3 days, For the propagation of 
viruses or rickettsiae, fragments of tissue 
from an embryo or an animal already in- 
fected may be employed as the original 
tissue, or fragments of normal tissue may 
be inoculated by suspending them for a 
short time in a suspension of the active 
agent or by addition of a small quantity of 
such suspension to the fluid constituents 
of a culture. 


CARREL-FLASK CULTURES 


Because of certain disadvantages inherent 
in the hanging-drop method, namely, small 
amount of tissue, necessity for frequent 
transfer, impossibility of altering at will the 
menstruum surrounding the cell and of de- 
termining changes in it induced by cell 
growth, Carrel designed flat-walled, circu- 
lar flasks in which cultures consisting of a 
4-phase system could be maintained for 
long periods of time. The four phases are 
tissue fragment or fragments, plasma coag- 
ulum, nutrient fluid which often contains 
blood serum, and overlying gas mixture. A 
shallow layer of the nutrient fluid lies over 
the tissue which is embedded in a thin sheet 
of fibrin attached to one wall of the flask. 
Renewal of the nutrient fluid, changes in 
its constituents, and adjustment of its pH 
may be carried out at will. Alterations in 
the gaseous phase may also be easily ac- 
complished. Many studies by means of this 
technic have been made of the effect on cells 
of changes in the fluid and gaseous phases 
and conversely of the effect on the latter 
of growth of cells. Additional details of the 
method will not be given; those who are 
interested may consult Parker’s monograph 
(Parker, 1938). For propagation of viruses 
and rickettsiae, however, this type of cul- 
ture has not been much used, although 
Carrel (1926) showed in studies of the Rous 
sarcoma virus that it was adaptable to this 
purpose. It has not been used probably be- 
cause the procedures for making and main- 
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taining such cultures require considerable 
skill and training and are unnecessarily 
refined for obtaining satisfactory multiplica- 
tion of these pathogens. In the future, how- 
ever, it is possible that the technic or modi- 
fications of it may be very useful in further 
investigations of the effect of viruses on 
pure lines of cells, investigations which are 
much needed in attempts to understand 
such fundamental problems as species im- 
munity and the manner in which viruses and 
rickettsiae injure the susceptible cell. 


ROLLER-TUBE CULTURES 


Most advantages of the Carrel-flask cul- 
tures are retained in the so-called roller- 
tube method of tissue culture. In addition, 
the latter permits cultivation of unlimited 
amounts of tissue which, in any well- 
equipped laboratory, may be easily main- 
tained and handled under optimal condi- 
tions for survival and growth for months 
or even for years. Because of this fact, large 
yields of virus-containing tissue emulsions 
and fluids may be obtained. The cultiva- 
tion of considerable amounts of tissue for 
long periods of time is probably dependent 
upon the continual circulation of the nutri- 
ent fluid in a thin layer over the growing 
cells. In this way, cellular respiration is 
aided and harmful metabolites are not al- 
lowed to accumulate rapidly at the tissue- 
fluid interfaces. The method has been de- 
veloped largely by Gey (1933) and Lewis 
(1935), although the underlying principle 
Was earlier recognized and applied to a 
limited degree by Loéwenstiidt (1925) and 
Carrel (1913). 

The essential constituents are the same 
as those usually included in Carrel-flask 
cultures. Details of the technic are given 
by Feller, Enders and Weller (1940). Spe- 
cial flasks have been designed by Shaw, 
Kingsland and Brues (1940) and by Porter, 
Claude and Fullam (1945). The shape of 
the container may be selected at will, For 
most purposes, pyrex test tubes (150 mm. 
x 15 mm.) are suitable, but various types 
of flasks, including reagent bottles, can be 
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used for special purposes such as observing 
cell growth under a microscope or obtain- 
ing large yields of a virus, To set up a cul- 
ture in a test tube, plasma is spread over 
most of its inner surface. The tissue frag- 
ments, of which there may be as many as 
20 or more, are then distributed at appropri- 
ate intervals throughout the thin plasma 
layer. After coagulation of the plasma has 
taken place, nutrient fluid containing a 
small amount of phenol red is introduced 
and the tube closed with a rubber stopper. 
The tube is then placed in an almost hori- 
zontal position in a specially designed 
rotating drum turning at about 7 r.p.m. The 
drum is enclosed in an incubator. In the 
case of actively growing tissue maintained 
at 37° C., the nutrient fluid must ordinarily 
be replaced every 2 or 3 days by fresh ma- 
terial. This interval can be extended some- 
what by passing sterile air into the tube 
until the pH of the fluid is brought by ex- 
pulsion of accumulated CO. to approxi- 
mately 7.3 as indicated by color of the fluid. 
At lower temperatures where cell growth is 
much diminished, replenishment of fluid 
may be necessary only at intervals of 2 or 
3 weeks, Explants may be made to freshly 
prepared tubes; but, by regulating condi- 
tions of growth, cells may be maintained 
almost indefinitely in original cultures, This 
is of great importance in the study of the 
effect of prolonged cultivation on cells and 
viruses, 

Inoculation is accomplished most easily 
by incorporating the infective material in 
the nutrient fluid, By titrating specimens of 
nutrient fluid removed at intervals it is pos- 
sible to obtain estimates of the rate of 
increase of a virus and its persistence in a 
culture. Fragments of tissue may also be 
excised and tested for their content of virus. 
The method is well adapted to study of the 
effect of immune serum on the multiplica- 
tion of a virus, It is possible to obtain speci- 
mens of tissue for microscopic examination 
by using in the tube a coverslip, held in 
place by agar or coagulated plasma, on 
which two or three fragments are deposited 
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(Feller, Enders and Weller, 1940), or by 
employing special flasks (Porter, Claude 
and Fullam, 1945). 

The roller-tube method has as yet not 
been widely employed for cultivation of 
viruses and not at all for growth of rick- 
ettsiae, although a priori it would seem to 
be well adapted to the study of many 
problems associated with these agents. Gey 
and Bang (1939) maintained the virus of 
lymphogranuloma venereum for more than 
seven months in the same roller-tube cul- 
tures of pure strains of human fibroblasts. 
The fluid removed from such cultures was 
found to give good Frei tests in patients 
with this disease. Feller, Enders and Weller 
(1940) maintained the virus of vaccinia in 
cultures of chick-embryo tissue for 9 weeks 
without transfer, and studied the concen- 
tration of virus in the fluids and tissue 
which was found to remain constant during 
the period of observation. Florman and 
Enders (1942) found the method produced 
excellent cultures of human monocytes ob- 
tained from the buffy layer of heparinized 
blood. The effect of these cells on the virus 
of vaccinia in the presence and absence of 
specific antibody and complement was in- 
vestigated. Morgan and Wiseman (1946) 
showed that psittacosis virus could be 
readily grown in roller-tube cultures of 
chick-embryo tissues, and that the formalin- 
treated fluids when used as vaccine con- 
ferred considerable protection in mice. 


ZINSSER’S AGAR-SLANT CULTURES 


In 1937, Zinsser (Zinsser, FitzPatrick 
and Wei, 1939), seeking a simplified tech- 
nic for cultivating large quantities of 
typhus rickettsiae to be used in the produc- 
tion of vaccine, distributed numerous frag- 
ments of chick-embryonic tissue on the 
surface of isotonic agar slants containing 
horse serum and Tyrode’s solution. The 
medium used by Zinsser and collaborators 
has been found to afford good yields of 
various species of rickettsiae as well as a 
number of viruses. In addition to furnishing 
support for the cells as well as factors neces- 
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sary for their survival and possibly for 
limited growth, the agar may remove from 
the immediate proximity of the cells meta- 
bolic wastes which diffuse into it. Follow- 
ing inoculation of cultures with typhus 
rickettsiae, incubation at 35-37° C, is main- 
tained for 10-14 days. Shorter periods suffice 
for maximal increase in the case of most 
viruses which have been studied; these 
agents, however, may survive for much 
longer periods; Pang and Zia (1940), for 
example, found the virus of St. Louis en- 
cephalitis to be active after being cultivated 
thirty-six days at 37° C. 

On this medium, rickettsiae of epidemic 
and endemic typhus multiply fairly actively 
(Zinsser, FitzPatrick and Wei, 1939), but 
growth of spotted-fever rickettsiae occurs 
more abundantly (FitzPatrick, 1938). Vac- 
cines prepared from cultures of these rick- 
ettsiae afford good protection to experi- 
mental animals. Recently, the method has 
been used for the production of a vaccine 
against scrub typhus, which was shown by 
Plotz and associates to protect mice against 
experimental infection. This observation 
was of importance, since there had been 
great difficulty in demonstrating immunity 
following vaccination against this disease. 
The viruses of herpes simplex (Cheever, 
1939), vaccinia (Kurotchkin, 1939), and St. 
Louis encephalitis (Pang and Zia, 1940) 
have been maintained in serial cultures on 
the Zinsser medium, 


METHODS INVOLVING THE USE 
OF FLUID SUBSTRATES 


MaitrLANp MeptuM 


Maitland and Maitland (1928) demon- 
strated multiplication of vaccinia virus in 
a medium composed of fragments of a fowl’s 
kidney suspended in a mixture of Tyrode’s 
solution and fowl serum, Although these 
authors considered that they were not work- 
ing with tissue cultures, it has since been 
shown not only that in this general type of 
culture some cells may survive for as long 
as 30 days, but that there is sometimes evi- 
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dence of cell multiplication (Rivers, Haagen 
and Muckenfuss, 1929; Enders and Flor- 
man, 1942). Various modifications of the 
original procedure described by the Mait- 
lands have been introduced by different in- 
vestigators. These have consisted in chang- 
ing the proportions of serum and salt 
solution, or in employing tissues from other 
sources. The original medium described by 
the Maitlands consisted of 12 cc, of Ty- 
rode’s solution, 6 cc. of fowl serum, and, 
approximately 0.6 cc. of minced fowl kid- 
ney. These materials were placed in a flask, 
usually of the Erlenmeyer type, of 25 or 50 
cc, capacity, which was then closed with a 
stopper. Inoculation of the medium with 
a pathogenic agent is best accomplished by 
preliminary exposure for a short time, e.g., 
one-half hour, of the tissue fragments to an 
emulsion containing such an agent. Cul- 
tures of this sort are usually incubated at 
35° or 37° C, for 3 or 4 days. Transfers are 
accomplished by inoculating some of the 
suspending fluid into flasks containing 
freshly-prepared medium, or by reducing 
some of the infected tissue fragments to an 
emulsion which is then used as inoculum, 
Sanders has considerably modified this pro- 
cedure (Simms and Sanders, 1942). Instead 
of crude serum, a serum ultrafiltrate was 
used, and the cultures were kept at a lower 
temperature, In this way he has obtained 
good multiplication of several viruses and 
employed it for the primary isolation of 
the agent keratoconjunctivitis, The Mait- 
land medium has been widely employed in 
the propagation of viruses, The yields of 
rickettsiae, however, have not been large as 
compared with those obtained by other 
methods, such as the Zinsser agar-slant 
technic or cultivation in the developing 
hen’s egg, 


Rivers’ Mrpium 


Li and Rivers (1930) found that vaccinia 
virus would multiply in a medium con- 
sisting of tissue fragments suspended in 
Tyrode’s solution. This is the simplest form 
of tissue culture which has so far been 
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devised, It has been extensively used and 
many viruses as well as rickettsiae have 
been propagated in it. For successful re- 
sults, it is necessary to preserve a large ratio 
between the quantity of fluid and the 
amount of tissue. 


Protz’ Mrpium 


By adding a few drops of chicken plasma 
to a Maitland type of medium, consisting 
of serum, Tyrode’s solution, and _ chick- 
embryo tissue, Plotz (1938) found that the 
tissue fragments were gathered together in 
a network of fibrin which, in correctly pre- 
pared cultures, tended to float on the sur- 
face of the fluid. Excellent yields of many 
viruses have been obtained by this method 
which provides support for cells and _ per- 
mits an increased opportunity for cellular 
respiration. 


METHODS OF DETERMINING 
MULTIPLICATION OF VIRUSES 
OR RICKETTSIAE 


Allusion has been made to the difficulty 
encountered by earlier workers in demon- 
strating increase of viruses in tissue cul- 
tures. With improvements of methods, it 
has become relatively easy to show that a 
viral or rickettsial agent multiplies and to 
estimate with reasonable accuracy the de- 
gree of such multiplication. Evidence based 
upon the development of elementary bodies 
or inclusion bodies, although helpful, can- 
not be regarded as conclusive, It is neces- 
sary to secure quantitative data indicative 
of increase under carefully controlled con- 
ditions. In general, this is done by showing 
thatthe number of minimal infective doses 
of an agent present in a culture after a 
period of incubation or in the final culture 
of a series is much larger than the number 
of minimal infecting doses in the original 
inoculum, The most accurate way (Hall- 
auer, 1938) of accomplishing this is to pre- 
pare two sets of cultures in exactly the same 
manner, One set is incubated at a tempera- 
ture optimal for the multiplication of the 
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agent; the other is kept in an icebox. At 
appropriate intervals, the number of mini- 
mal infective doses in a culture chosen from 
each lot is determined, For this determina- 
tion, it is best to employ the entire contents 
of the culture vessel, i.e., fluid and tissues, 
and plasma if it be present. The solid ele- 
ments are ground in a mortar with sand or 
alundum, the fluid being added slowly. From 
the supernatant fluid after centrifugation, 
a series of dilutions is prepared and aliquot 
portions of each are inoculated into groups 
of susceptible animals, If cultures are pre- 
pared with tissues from animals other than 
the chick embryo, an additional control 
must be included to eliminate the possi- 
bility that such tissues are already spon- 
taneously infected with another active 
agent. This consists of cultures which have 
received no inoculum of the agent under 
study. After incubation, these cultures 
should fail to produce signs of infection 
when injected into animals susceptible to 
the agent under study. 

In many instances, cells from developing 
chick embryos can be used for titration of 
viruses, Recently, Huang (1943) reported 
that titration of viral activity can be ac- 
complished by determining the smallest 
amount of virus which brings about death 
of the cells suspended in a liquid culture 
medium. Cell death was determined by ex- 
planting infected fragments into plasma 
drops and observing whether growth en- 
sued, This procedure would appear to be 
quite feasible when a virus, e€.g., equine 
encephalomyelitis, that has a marked de- 
structive action on tissues is selected, Many 
viruses, however, do not bring about the 
death of cells in cultures, For instance, Fel- 
ler, Enders and Weller( 1940) and Relova 
and Enders (unpublished experiments, 
1940) found that the viruses of vaccinia, 
herpes simplex and influenza exert little or 
no injurious effect on embryonic chick tis- 
sue. In contrast, chick-embryo cells showed 
degenerative changes and became necrotic 
after inoculation with eastern equine en- 
cephalomyelitis virus, 
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ANALYSIS OF FACTORS INFLU- 
ENCING MULTIPLICATION OF 
VIRUSES AND RICKETTSIAE 
IN TISSUE CULTURES 


Source AND Typr or CELLS 


Whether or not multiplication of a given 
agent takes place depends in part (a) upon 
the susceptibility of the species of animal 
from which the tissue is derived and (b) 
upon the types of cell that may be present, 
i.e., epithelium, endothelium, fibroblasts, 
monocytes, etc. The results of many studies 
with different viruses, however, have made 
it clear that the degree of pathogenicity 
exhibited by an agent for an intact animal 
is frequently not correlated with its capac- 
ity to increase in cultures prepared from 
tissues of such an animal, Thus, several 
viruses which do not produce signs of infec- 
tion in the fowl can be cultivated in the 
presence of cells derived from the chick 
embryo, or in some instances from the 
chicken itself. Illustrations are to be found 
in the behavior of influenza A virus and 
the agent of equine encephalomyelitis. In- 
fluenza A virus (Melbourne strain) is easily 
propagated in tissue cultures prepared from 
embryonic tissues or from the lungs of 
newly-hatched birds. Newly-hatched birds, 
however, are entirely refractory to infection 
via the respiratory route. Similarly, equine 
encephalomyelitis virus increases very 
rapidly in cultures of chick embryonic tis- 
sue and brings about cellular death in a 
short time, but old hens are resistant to 
infection with the virus. 

In instances where lack of correlation of 
this sort exists, it is not the cells of the 
intact animal which are responsible for its 
resistance. Extracellular inhibitory mech- 
anisms present in the living body may be 
eliminated in cultures, thus permitting 
multiplication, For example, the lack of 
pathogenicity of the influenza virus for the 
chicken appears to be correlated with its 
normally high body temperature, 105°- 
106° F. At 104° F., the virus will not multi- 
ply in tissue cultures (Enders and Pearson, 
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1941), although the cells are not appreci- 
ably affected. In certain cases, however, 
there is a relationship between the resistance 
or susceptibility of an intact animal to in- 
fection and the failure or success, respec- 
tively, of an active agent to multiply in 
cultures of its tissues. Here would seem to 
be evidence for a true cellular resistance, 
although the factors upon which it depends 
have not been defined. The behavior of 
Virus III of Rivers affords an excellent illus- 
tration of such correlation. The virus is 
responsible for a characteristic disease of 
rabbits. No other species has been found 
susceptible. This strict host specificity is 
reflected in the ability of the virus to multi- 
ply in cultures prepared only from rabbit’s 
tissues. Of other examples which could be 
cited, one of the most interesting is to be 
found in an experiment of Goodpasture and 
Anderson (1944), although it did not in- 
volve the cultivation of tissue in vitro. Frag- 
ments of human skin were grafted to the 
chorio-allantoic membrane of an embry- 
onated hen’s egg and inoculated with ma- 
terials taken from the Jesions of herpes 
zoster, a disease to which man alone is sus- 
ceptible. Evidence for multiplication of the 
virus in the skin grafts was obtained, 
whereas there was no indication that any 
of the embryonic tissues became infected. 

In view of the existence of these two 
classes of virus, one to which the animal is 
resistant and the cell susceptible and the 
other to which both behave in the same 
manner, it is apparent that one cannot pre- 
dict a priori whether or not multiplication 
of an agent will take place in cultures con- 
taining tissues derived from a refractory 
animal. If feasible, it is best in attempting 
to cultivate a virus for the first time to use 
tissues from the natural host. 

From experiments with tissue cultures, a 
limited amount of data has been made 
available which indicates quite definitely 
that some viruses are able to proliferate 
only within certain types of cell. The in 
vitro demonstration of such cellular spec- 
ificity might have been predicted from the 
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long recognized differences in affinity of 
viruses for various tissues which early led 
to the classification of viruses according to 
their dermotropic, neurotropic and viscero- 
tropic properties. Carrel (1926), who was 
among the relatively few investigators to 
work with pure strains of cells, showed that 
the Rous sarcoma virus would increase in 
cultures of fowl monocytes but not in cul- 
tures of fibroblasts. In contrast, fowl plague 
virus (Hallauer, 1931) apparently finds in 
epithelial cells alone the essential require- 
ments for multiplication. The virus of 
poliomyelitis has proved extremely selec- 
tive, since it has been cultivated with cer- 
tainty only in nervous tissue and that solely 
of human origin. By application of tissue- 
culture methods, it would seem possible 
that progress may be made toward the solu- 
tion of the important problem as to whether 
or not the virus can multiply in the in- 
testinal mucosa. In any event, further 
studies on the cellular specificity of viruses 
and rickettsiae by means of pure strain cul- 
tures are obviously desirable, since in this 
way factors involved in multiplication of 
these agents may be defined upon which 
logical approaches to chemotherapy can be 
based. 


BroLocic Activity oF TIssur 


Many experimental results point to a 
direct relationship between the degree of 
multiplication of viruses and the biologic 
activity of tissue. On the other hand. 
rickettsiae may continue to multiply at a 
time when the metabolism of tissue is much 
reduced. Perhaps the clearest evidence in 
support of these statements are the results 
of Zinsser and Schoenbach (1937), who 
showed that the rate of increase of the virus 
of equine encephalomyelitis in tissue cul- 
tures was greatest during the period of 
maximal oxygen consumption by the cells. 
As the latter declined, the titer of virus fel! 
off rapidly, On the other hand, the number 
of typhus rickettsiae in similar cultures 
continued to increase during the period of 
diminishing oxygen consumption and at- 
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tained the maximum only when tissue me- 
tabolism, as thus measured, had reached a 
low level. Their findings as far as viruses 
go are in agreement with observations of 
others. Cheever and Willmert (1942) found 
that the virus of herpes simplex would mul- 
tiply only in freshly-prepared, agar-slant 
cultures. In those which had been incubated 
for four days or longer before inoculation 
and in which cellular activity presumably 
was declining, the virus survived for a time 
but gradually diminished in concentration. 
Plotz (1937) working with the virus of fowl 
plague noted a greatly increased prolifera- 
tion of the agent in the presence of cells 
which were growing actively as compared 
with cells which were merely surviving. 
Similar observations have been made by 
others. In spite of this evidence for the 
correlation of rapid multiplication of viruses 
with active cellular growth and metabolism, 
it should be pointed out that some viruses 
may continue to increase when cells are not 
dividing and are indeed almost in a resting 
state. Hecke (1930), Sanders (1940) and 
others have shown that the infective titers 
of certain viruses rose in tissue cultures 
maintained at temperatures low enough 
(23°—30° C.) to prevent or reduce cell divi- 
sion to a minimum and to retard cell res- 
piration. Investigators are agreed, however, 
that viruses do not multiply when cells are 
held at temperatures, e.g., 4° to 8° C., at 
which biologic activity of the cells is re- 
duced to a minimum (completely rest- 
ing cells). 


QuANTITy OF TISSUE AND SIZE OF 
INOCULUM 


The amount of tissue used in preparing 
certain types of culture appears to bear a 
rather close relationship to the multiplica- 
tion of the virus. This is particularly evi- 
dent in the Rivers-Li medium where an 
excess of tissue is inhibitory. But this effect 
is not so evident in cultures of the Carrel or 
roller-tube type. Factors which underlie the 
inhibitory effect in suspended-cell cultures 
are not clearly defined. Another interesting 
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manifestation of the close interdependence 
of cell and virus is an inverse relationship 
between the concentration of virus used as 
inoculum and the amount of tissue in the 
cultures. Traub (1933) found that to obtain 
successful propagation with small amounts 
of tissue relatively large inocula may be 
employed; on the other hand, in the pres- 
ence of large quantities of tissue, small 
amounts of virus must be used. No satis- 
factory explanation for this behavior has 
been offered. It is possible, however, that 
interference by noninfectious virus parti- 
cles in the inoculum may be involved. 


Errect or TEMPERATURE 


Many viruses and rickettsiae of animal 
origin multiply only within a fairly re- 
stricted range of temperature, from about 
40° C. to about 25° C. That the controlling 
factor may not be the temperature at which 
cellular activity is markedly affected ap- 
pears from what has been already stated 
concerning cultivation at temperatures at 
which cell growth may proceed but viral 
activity is lost. Accordingly, it is probable 
that the limiting temperatures for multipli- 
cation are in part at least related to intrinsic 
properties of a virus. 


Site oF MULTIPLICATION OF VIRUSES 


AND RICKETTSIAE 


Among the basic problems in the study 
of viral and rickettsial diseases is the deter- 
mination of the exact site in or around cells 
at which multiplication of the causal agents 
occurs. As one approach to its solution, 
tissue-culture technics have been used. That 
multiplication is intimately associated with 
cells has been demonstrated by the results 
of many experiments (see Hallauer, 1938) 
in which the viral content of the tissue 
fragments was measured and compared with 
that of the noncellular portion of a culture. 
Invariably the tissue was found to contain 
more of the agent than did the other con- 
stituents. Indeed, under certain conditions, 
many investigators have failed to detect 
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any significant quantity of virus in the 
medium surrounding the cells. 

Such data, however, do not enable one to 
define precisely the place where propagation 
of the agents takes place, since this might 
occur in the vicinity of cells, on their sur- 
face or within them, Evidence that the 
conditions for increase are not provided 
within the neighborhood of cells by the 
establishment of a special environment re- 
sulting from their metabolic activities, is 
to be found in the results of Muckenfuss 
and Rivers (1930). They showed that vac- 
cinia virus did not multiply in a cell-free, 
serum-Tyrode mixture which was separated 
from the tissue fragments by a semiperme- 
able membrane. Microscopic examination 
of cells in cultures inoculated with ele- 
mentary bodies of vaccinia (Bland and 
Robinow, 1939) and psittacosis (Bland and 
Canti, 1935) have given no indication that 
multiplication takes place on the surface of 
cells. On the contrary, such observations 
strongly suggest that only after the infec- 
tive particles have passed through the cell 
membrane and entered the cytoplasm or 
the nucleus does an increase in their num- 
ber ensue, The investigations by Pinkerton 
and Hass (1932a, 1932b) on rickettsiae of 
typhus fever and Rocky Mountain spotted 
fever have left no doubt that these agents 
grow exclusively within cells. The typhus 
rickettsiae appear to multiply only in the 
cytoplasm. In contrast, the spotted-fever 
organisms exhibit a predilection for the 
nucleus, although limited growth may also 
take place in the cytoplasm. 


ELEMENTARY BODIES AND 
INCLUSION BODIES 

Elementary bodies represent the infec- 
tious unit of certain viruses, and thus are 
analogous to a single pathogenic bacterium. 
Careful studies of infected tissue cultures 
have supported this conception of the 
nature of these entities, It is apparent, 
however, that the manner in which the ele- 
mentary bodies multiply may not always 
be by simple fission, For example, Bland 
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and Canti (1935), by observing the course 
of events after inoculation of cultures of 
embryonic-chick cells with psittacosis ele- 
mentary bodies, were able to describe an 
intracellular developmental cycle. During 
the first stage, extracellular bodies were 
numerous, but none could be definitely 
recognized within the cells. Subsequently, 
violet-staining and apparently homogeneous 
masses or plaques (5-10u) were noted in 
the cytoplasm which thereafter increased in 
size. These resembled the inclusion bodies 
found in many virus diseases. Upon de- 
colorization with acetone they were found 
to be composed of a pink-staining matrix 
in which were embedded many lilac-tinted 
bodies approximately 1u in diameter. Later, 
a mixture of these forms and smaller bodies 
(0.25u) which stained a deep violet were 
seen forming colonylike masses. The latter, 
which in all respects were identical with the 
elementary bodies originally inoculated, be- 
came progressively more numerous until by 
the end of three days they were usually the 
only visible forms. These observations, al- 
though they may be interpreted in several 
ways, establish the facts that (1) the ele- 
mentary body of psittacosis may undergo 
morphologic changes during its develop- 
mental cycle and that (2) the plaque or 
inclusion body is essentially an aggregation 
or colony of elementary bodies. A some- 
what similar process of intracellular devel- 
opment was found by Bland and Robinow 
(1939) to take place when elementary 
bodies of vaccinia were inoculated into tis- 
sue cultures containing corneal epithelium 
of a rabbit. Their findings indicated that 
the typical inclusions of vaccinia, Guarnieri 
bodies, are largely composed of elementary 
bodies. It should be strongly emphasized, 
however, that it would be entirely erroneous 
to assume that all inclusion bodies found 
associated with virus diseases are of this 
nature, Only in those instances where the 
infectious units are large enough to be 
visible, and so recognizable as components 
of an inclusion body, has it been possible 
to regard the latter in this manner. 
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CHANGES IN PATHOGENICITY 
OF VIRUSES IN TISSUE 
CULTURES 


Just as repeated transfer in vitro may 
bring about alterations in the virulence or 
pathogenicity of bacteria, so serial passage 
of viruses in tissue culture has frequently 
led to changes in their capacity to induce 
disease when inoculated into a susceptible 
animal, Most often under these conditions 
a decrease in virulence has been noted, But 
in some cases, especially when an agent is 
propagated in tissues derived from its natu- 
ral host, an increase in pathogenic prop- 
erties may follow. Whether or not an altera- 
tion in the tropism of a virus for certain 
tissues can be induced by cultivation in 
the presence of a single type of cell or tissue 
is debatable. It would appear, however, that 
the capacity of an agent, after propagation 
in tissue culture, to injure one sort of tissue 
may be reduced while its pathogenicity for 
another may be retained, Thus, although it 
is clear enough that variation in patho- 
genicity frequently occurs in tissue culture 
and that this mode of inducing such change 
has proved extremely valuable, it has so far 
been impossible to define exactly the condi- 
tions which will induce the phenomenon, 
Therefore, the production at will of patho- 
genically modified variants is not yet feasi- 
ble and at present they have in the majority 
of instances appeared spontaneously during 
the course of serial transfers. 

The following well-known experiments of 
Rivers and Ward (1933) with vaccinia virus 
and those of Theiler and Smith (1937) with 
the virus of yellow fever will illustrate these 
general remarks. During the course of 88 
passages in the Rivers-Li medium contain- 
ing chick-embryonic tissue, the virus of 
vaccinia practically lost its capacity to 
induce typical dermal lesions in the rabbit, 
although it still produced mild typical 
vaccinial reactions in susceptible human 
beings. Six passages of this attenuated 
strain in the testicles of rabbits led to a 
restoration of pathogenicity for this animal. 
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Seeking a method of vaccination against 
yellow fever by means of an attenuated 
virus, Theiler and Smith carried a strain of 
high virulence for man and the monkey 
through many cultures containing 
mouse-embryonic tissue and chick-embry- 
onic tissue, respectively. In the mouse 
tissue the viscerotropic properties of the 
virus were moderately diminished, but the 
neurotropic properties for monkeys were 
not altered. In the chick tissue marked re- 
duction of both properties occurred after 
about 114 passages. Additional passages in 
this medium led to further decrease in 
pathogenicity of the virus. This variant 
is now widely used in the preparation of 
yellow fever vaccine. 


MECHANISMS OF IMMUNITY 
TO VIRUSES 
Tissue cultures have proved of value in 
the investigation of natural and acquired 
immunity in virus infections, The correla- 
tion which has been shown to exist between 
the resistance of certain species to a viral 
agent and the failure of the cells of those 
species to support the agent’s multiplica- 
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tion in cultures provides satisfactory pre- 
sumptive evidence for the existence of a 
natural cellular immunity. As yet, untfortu- 
nately, there is no clue as to the factors 
upon which this native cellular resistance 
depends, It is possible to attribute it to the 
absence of nutritive substances or enzyme 
systems essential for the multiplication of 
the virus, or to the presence within the cell 
of antiviral substances, or to some other 
still unsuspected mechanisms. 

Attempts have beeu made to determine 
whether or not a cellular immunity is estab- 
lished as a result of the active immunization 
of a susceptible animal. The results obtained 
by Andrewes (1929), working with Virus III 
of Rivers, indicate that cells of immune 
rabbits, when washed free of blood con- 
stituents and propagated in tissue cultures, 
are susceptible to the virus as shown by the 
development of typical inclusion bodies. 
Similar results were obtained when the 
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virus of herpes simplex was employed 
(Andrewes, 1930). It would seem, then, that 
active immunization does not lead, at least 
in these cases, to an increased resistance of 
the cell itself. That acquired immunity may 
in part depend upon the development of 
specific humoral factors was strongly sug- 
gested by the results of this series of experi- 
ments. It was demonstrated that, whereas 
serum from normal animals failed to pre- 
vent infection of cells obtained either from 
a normal or from an immune animal, serum 
from an immune animal prevented the de- 
velopment of inclusion bodies in cells from 
both sources. Although these observations, 
as well as many others obtained by dif- 
ferent methods, leave no doubt that a 
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specific antibody plays an important role 
in immunity to viruses, the exact manner 1n 
which it exerts an inhibitory effect is still 
obscure. There is little or no evidence that 
antibody can directly destroy a virus. Infor- 
mation obtained from study of the virus 
of vaccinia in tissue cultures shows that 
immune serum alone or in the presence of 
complement does not completely inactivate 
this agent (Florman and Enders, 1942). Al- 
though apparently inhibited for a time, it 
can be shown to be present and capable of 
multiplication in the cells following the 
withdrawal of the antibody. Such observa- 
tions are of significance in considering the 
general theory of infection and immunity 
in virus diseases. 
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Epidemiology 


DEFINITION OF EPIDEMIOLOGY 


By derivation, epidemiology would seem 
to be concerned with the explanation of 
epidemics of disease in human populations. 
While this definition still obtains, with the 
advance in biologic and medical science the 
field included under epidemiology has natu- 
rally broadened considerably (Frost, 1920; 
Maxcy, 1941), An epidemic is commonly a 
sudden increase in the prevalence of a dis- 
ease which is more or less constantly pres- 
ent or endemic in a community. To explain 
the sudden increase it is necessary to under- 
stand the factors which determine the usual 
or interepidemic levels of prevalence and 
the characteristic distributions which the 
disease manifests in human populations. 

While originally limited to infectious dis- 
eases, usage has extended the term to the 
study of diseases of unknown etiology, to 
diseases due to nutritional deficiencies, to 
senescence, to abnormal cell growth, and 
even to the casualties caused by physical 
and chemical agents, accidents, etc. In like 
manner, while originally limited to disease 
in human populations, usage has extended 
the term to the study of disease in animal 
populations and plant life. While they are 
essentially analogous, and may be related 
phenomena, there are cogent reasons why 
usage should sanction the distinction af- 
forded by the employment of the more 
recently introduced terms “epizootic” (epi- 
zootiology) for diseases of animals and 


“epiphytic” (epiphytiology) for diseases of 
plants. 

Accordingly, it is proposed that the term 
epidemiology be reserved to designate the 
field of science dealing with the relation- 
ships of the various factors which determine 
the frequencies and distributions of an in- 
fectious process, a disease, or a physiologic 
state in a human community. For present 
purposes discussion will be limited to the 
principles of epidemiology as applied to 
understanding and control of human infec- 
tions, particularly those due to rickettsiae 
and viruses. 


BIOLOGIC INTERPRETATION 


The pandemic of influenza which oc- 
curred in 1918 was an appalling demonstra- 
tion of man’s helplessness and ignorance. It 
was obvious that epidemiology as a science 
was lacking in a valid rationale and a unify- 
ing concept. With the advances in the field 
of general biology and the collateral medi- 
cal sciences, the needed concept gradually 
became evident. It was comprehensively 
formulated by Theobald Smith (1934) in 
the Vanuxem lectures delivered at Prince- 
ton. Infectious disease is q manifestation 
of parasitism, Simple though this concept 
seems today, its formulation marked an 
important transition. The medical explana- 
tion of an infectious disease in man broad- 
ened to become a biologic one. It was finally 
realized and accepted that infection should 
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HOST 
not be set apart as peculiarly within the 
province of human medicine but should be 
viewed as an expression of the eternal 
struggle of living things for food by preda- 
tion or parasitism, for shelter, and for 
propagation of their kind. More particu- 
larly it is a reaction between one of the 
higher forms of life to the invasion of its 
tissues by some species of microparasite. 
This conception carries with it implications 
that are fundamental and far reaching. It 
affords a framework or pattern into which 
endless scattered observations can be fitted. 
The explanation of epidemics is then to be 
sought in host-parasite relationships and the 
environmental factors which modify them. 

HOST-PARASITE RELATIONSHIPS 

As a result of centuries of host wander- 
ings, mutation and selective adaptation, the 
viruses and rickettsiae considered in this 
book have in some degree become estab- 
lished in the biologic orbit of man, and are 
responsible for some of his ills. Their poten- 
tialities range from those which only rarely 
and inadvertently invade his tissues to 
cause an occasional sporadic case of a rare 
disease to those which are dependent upon 
human tissues for their continuous propa- 
gation, sometimes giving rise to epidemics 
which decimate tribes or nations and change 
the course of history. The importance of 
each viral and rickettsial species to man has 
been determined by a few biologic princi- 
ples to which only brief reference can be 
made. 

Man may be an obligate, a principal or 
an occasional host species, according to the 
degree of success which a particular species 
of parasite has in passing through four 
critical stages in relationship to him. A 
micro-organism may become completely de- 
pendent upon man for its survival if it is 
continuously successful (1) in finding en- 
trance into his body through its proper 
portal of entry, whether it be the mucous 
membrane of the respiratory, the alimentary 
or the genito-urinary tracts, or the skin by 
means of trauma or insect bite; (2) in 
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reaching the particular organ, tissue or cells 
in which nutritive conditions are favorable 
for multiplication; (3) in making an exit 
from the body in excretions, secretions, 
or by blood-sucking insects; (4) in  sur- 
viving under the conditions of the external 
environment, or in an insect vector, a suffi- 
cient time to reach a new susceptible host. 
To the extent that it is unsuccessful in con- 
tinuously maintaining progressive passage 
through these four critical stages in human 
populations and their environment it must 
be able to utilize other host species or sur- 
vival mechanisms, Thus, one of the first 
requisites of a rational explanation of the 
behavior of an infectious disease in a human 
population is to understand to what extent 
man as a host bears responsibility for the 
continuous propagation of the causative 
microparasite or shares this responsibility 
with other species—animal, bird or insect. 


HOST REACTION 


The second critical stage in the host- 
parasite relationship mentioned above is 
the one which may give rise to symptoms 
and signs of illness by which a disease is 
recognized. The host reaction may vary 
greatly, both in severity and duration. A 
case of an infectious disease is a host re- 
action of sufficiently characteristic intensity 
and duration to permit clinical diagnosis. 
Reactions which are less intense and of 
shorter duration are called abortive or sus- 
pected cases, the pattern being too indetinite 
or protean in nature to permit clinical 
diagnosis, except in association with frank 
cases. When the subjective and objective 
symptoms are so slight as to pass unnoticed, 
the host is said to suffer from an imapparent 
infection, Infections which are below the 
threshold of clinical recognition are grouped 
together as subclinical, They can be identi- 
fied only by laboratory procedures such as 
cultural recovery of the infecting micro- 
organism from the host’s tissues, change in 
the response of the skin to specific antigenic 
material, or change in a serologic reaction 
from a negative to positive. It is at least 
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theoretically possible that an infection may 
occur without demonstrable reaction on the 
part of the host, i.e., a symbiotic or a sapro- 
phytic relationship, but there is a difference 
of opinion as to whether the word infection 
should be used to describe such a condition. 


INFECTIOUS PERIOD 


In clinical medicine, interest is centered 
upon a patient during the period that he 
or she is more or less incapacitated by 
the disturbance of physiologic functions 
caused by the invasion of a pathogenic 
micro-organism, that is, from the onset of 
symptoms to clinical recovery or to a fatal 
issue. In epidemiology, interest must be 
broadened to include the whole duration of 
the host-parasite relationship, that is, from 
the time of the infective exposure until the 
microparasite is suppressed or eliminated 
from the host’s body. Of particular impor- 
tance is the infectious period, the time or 
times during which the microparasite prog- 
eny are making an exit or are potentially 
available for transfer to a new host. 


CARRIERS 


As early as 1890, Escherich noted that 
the infectious period of diphtheria was not 
necessarily coincident with the clinical 
course but that diphtheria bacilli might 
persist in the throats of patients during 
convalescence, In 1892, Guttmann, Rom- 
melaere and Simonds noted that cholera 
vibrios might be recovered from the feces 
during convalescence. Credit probably be- 
longs to Koch (Winslow, 1943) for grasp- 
ing the important fact that cases which 
could be clinically diagnosed were not alone 
responsible for the spread of contagious 
diseases. In his studies of cholera in Ger- 
many, during the winter of 1892-93, he 
noted that some cases were so mild that 
they escaped recognition, and indeed could 
be detected only with the aid of a bacteri- 
ologic investigation. The term Carrier thus 
includes two classes. First, there are those 
who are about to have, or have already had 
a Clinical attack: they are designated as 
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incubatory, convalescent or chronic carriers. 
Second, there are those who are suffering 
from a subclinical or asymptomatic infec- 
tion, the so-called healthy carriers, It is 
important to distinguish between these two 
classes, and for the purposes of this discus- 
sion, the second class of carriers will be 
included in the designation subclinical or 
inapparent infections. 


EPIDEMIOLOGIC PATHOGENICITY 


From an epidemiologic viewpoint, the 
pathogenic potentialities of a given species 
of microparasite for the human host are 
roughly indicated by the proportion of 
clinical attacks which are fatal. Stated in 
different words, it is the ratio between cases 
and deaths (usually the percentage of cases 
which are fatal), or the case-fatality rate 
of a disease. This rate, however, may be 
affected in considerable measure by non- 
specific conditions which affect the host 
population, such as starvation, lack of 
proper medical care, secondary invasion by 
other micro-organisms, and similar factors. 
A more valid index of potential patho- 
genicity is the proportion of infections, 
which are clinically recognizable, or the 
ratio between clinical and subclinical in- 
fections, Each species of microparasite has 
a characteristic range in this respect, An 
attack of measles is known to confer solid 
immunity. About 95 per cent of persons who 
have acquired immunity to this disease give 
a history of having had a Clinical attack. 
It is only an occasional individual who be- 
comes immune to this disease from an 
attack so mild as to escape recognition. 
Thus, the ratio between clinical and sub- 
clinical infections with measles Virus is of 
the order of 20 to 1. On the other hand, 
although most adults are apparently im- 
mune to the virus of poliomyelitis, only 
about ten in a thousand give a history of 
having had infantile paralysis. There is rea- 
son to believe that the vast majority of 
individuals who acquire their immunity to 
this disease do so because of an abortive 
or subclinical infection with the virus. Thus, 
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the ratio of clinical to subclinical infections 
with poliomyelitis virus appears to be of 
the order of 1 to 100. 


SUCCESSFUL PARASITISM 


Successful adaptation of a species of 
microparasite to the human host does not 
imply a high order of pathogenicity. Rather 
the contrary is true. Success for a parasite, 
as for any other living organism, can only 
be measured by the size of the population 
of its kind and its ability to survive and 
maintain these numbers in a constantly 
changing natural universe. There is no ad- 
vantage if its host sickens and dies, since 
dissemination of its progeny accordingly 
becomes limited and soon ceases. The op- 
portunities for scatter and chance of pro- 
ductive contact are increased in proportion 
to the length of time it can continue to 
multiply and find easy egress in large num- 
bers from a host which is ambulatory and 
gregarious. Accordingly, a high case-fatality 
rate may be a disadvantage to survival of 
a parasitic agent. Conversely, a low ratio of 
clinical to subclinical infections and a long 
duration of the infectious period tend to 
insure wide dissemination. The micropara- 
sites best adapted for survival are those 
which cause infection with the least incon- 
venience and injury to the host, and create 
only a low grade immunity of short dura- 
tion. 


COMMUNITY SUSCEPTIBILITY 


The pathogenicity of a specific species of 
microparasite implies a reciprocal range of 
resistance to infection on the part of the 
host species. The infection pattern is in gen- 
eral determined by the balance between 
the devices of aggression of the former and 
the mechanisms of defense of the latter, 
capacities for both of which are genetically 
transmitted, A human community is made 
up of a number of individuals who vary 
not only in their genetic capacity to react, 
but nearly always in previous experience 
with the predominant strains of the particu- 
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lar species of microparasite or its close rela- 
tives. Some individuals have acquired a 
complete immunity, some a partial immu- 
nity, some none, The proportion of a popu- 
lation at any one time which has little or 
no immunity determines the theoretical 
susceptibility status or the mass suscepti- 
bility of a community for the infectious dis- 
ease which a specific microparasite causes. 
If a micro-organism is Commonly prevalent 
in a community, the proportion is a con- 
stantly changing one as susceptibles are 
infected, develop immunity, and recover. If 
the immunity conferred by an infection is 
durable then susceptibility decreases with 
age, and the age distribution of cases is 
consequently that of a children’s disease. 
If the immunity conferred is temporary, as 
with many acute respiratory infections, the 
same individual may be reinfected and con- 
sequently the disease attacks all ages, adults 
and old people as well as infants and chil- 
dren. Thus, community susceptibility has 
an age distribution, which is specific for each 
infectious agent, the range of which is indi- 
cated by the reciprocal, the age distribution 
of cases of the disease which it causes. 
CONTACT RATE 

The qualitative variation taking place 
within the microparasitic and host popula- 
tions, and the variations in conditions which 
affect their interrelationships with each 
other and with the environment, results in 
quantitative changes. The size of the micro- 
parasitic population depends upon the ra- 
pidity of passage from person to person and 
the accumulated proportion of persons har- 
boring the infectious agent at any one time. 
This is determined not only by the propor- 
tion of susceptibles but by the opportunities 
for progressive transfer to new hosts, 1.e., 
the exposure or contact rate. This rate is 
affected by a variety of conditions, depend- 
ing upon the requirements for transmission. 
For those diseases which are transmitted 
from person to person by some form of 
direct or indirect contact, the importance 
of the degree of crowding, or density of 
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population, as determined by living in urban 
or rural areas, in private homes, in institu- 
tions, or in military installations, is obvious. 
For those diseases which are transmitted to 
some extent at least by contamination of 
food, milk or water, the importance of sani- 
tary conditions and home hygiene is evi- 
dent. For diseases transmitted by insects 
there are a whole series of conditions which 
affect the numbers of the vector species, 
their access to man, and requirements of 
the microparasite for completing a cycle 
of development. In every community these 
factors are constantly changing with the 
habits of the people, day in and day out, 
from season to season, and from year to 
year. 


OPERATION OF CHANCE 


If an individual in the infectious stage 
of a disease arrives in a community from 
which the disease has been absent for some 
time, what happens will be determined in 
part by the susceptibility status, in part by 
exposure or contact rates, and finally by the 
operation of chance. For example, a person 
may develop measles and, since by chance 
the contacts immediately exposed are im- 
mune, no secondary cases will occur. Or, 
a second and third case may occur without 
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further transmission of the disease to sus- 
ceptibles. So the chain of propagation of an 
infectious agent may build up or diminish 
and disappear, depending on the one hand 
upon the continuing chance contacts be- 
tween cases and susceptibles and on the 
other upon contacts between cases and 
immunes, 
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(1) A death rate or mortality rate 


__ No. of parasitic population 
No. of host population ~— H 
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PREVALENCE 


The forces which create the dynamic bio- 
logic phenomena of infectious disease are, 
in the ultimate analysis, population pres- 
sures, i.e., the innate impulse of living 
micro-organisms to multiply and survive by 
parasitism upon homo sapiens and the ef- 
forts of the host species to preserve its own 
integrity. The balance between these two 
forces is constantly fluctuating, just as are 
the interactions between other living spe- 
cies, as for example, between the carnivores 
and their herbivorous food sources. When 
the equilibrium is a relatively stable one, it 
is manifested by an endemic prevalence. 
When the equilibrium is subject to sudden 
and violent disturbances, it is manifested 
by epidemics. If the balance is in favor of 
the host, the disease shows a downward 
trend and tends to disappear. If the bal- 
ance is in favor of the microparasite, the 
disease tends to increase in prevalence, and 
may, in certain instances, act as a human 
population check. 

To facilitate reasoning, it is necessary to 
express these phenomena in quantitative 
terms. The basic elements of this statistical 
methodology are formulae which represent 
prevalence or incidence. They are derived 
from the following schematic generaliza- 
tion: 


P ( ina specified 
time and place 


The denominator (number of individuals in 
the host population) can in many situations 
be counted or estimated with considerable 
accuracy. The numerator (number of para- 
sitic micro-organisms) can only be indi- 
rectly represented. It is correlated in a 
rough way with the number of deaths, or 
cases, or infections caused by a micropara- 
site population. These three indices are 
therefore available: 


Number of deaths due to specific disease 


Number of population 


xX 100* 
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(2) Acase rate, attack rate or morbidity rate 


Number of cases of specific disease 


- X 100* 





Number of population 


(3) An infection rate 


Number of individuals harboring specific microparasite 





a = % 100% 


Number of population 


Obviously, each of the three types of rate 
has its own implications. The one used will 
depend upon the questions to be answered 
and the availability of statistical informa- 
tion for the population group or groups 
under consideration. All are subject to errors 
of diagnosis and completeness of counting. 
Basic to effective use in reasoning is an 
assessment of the approximate validity of a 
rate. This can be done only when the accom- 
panying text contains a clear statement of 
the universe of observation (denominator ) 
in place or area, persons and time, the 
methods by which the deaths, cases or in- 
fections (numerator) were discovered and 
recorded, and the clinical and laboratory 
criteria employed in diagnosis and classi- 
fication. The soundness of inferences drawn 
from biostatistical material can never ex- 
ceed the level of accuracy of the original 
data. 


INCIDENCE 


To represent the shift in balance or 
changes in equilibrium between a micro- 
parasitic and a host population, it is neces- 
sary to show what happens in successive 
periods of time. For adequate expression, 
the numerator of the fraction then should 
preferably be the number of mew cases or 
new infections which are reported, or have 
their onset, or are discovered or are ad- 
mitted to a clinic in successive days, weeks, 
months or years. If the number of host 
population (denominator) remains rela- 
tively stable during the period under con- 

* This rate may be expressed on the basis of any 
population unit considered to be appropriate—per 
cent, per 1,000, per 10,000, per 100,000. The time unit 


chosen, whether it be hours, days, weeks, months, or 
years, is also varied according to circumstances. 


sideration, the number of new cases or new 
infections alone will suffice to indicate the 
course of events without calculating rates. 
Thus the incidence of disease, or an inci- 
dence rate, is a dynamic concept. It reflects 
changes in the frequency with which the 
microparasite is spreading and gaining ac- 
cess to new susceptible individuals, and, 
accordingly, the increase or decrease in 
microparasitic population, 

An accurate statement of incidence must 
take into account not only the number of 
new cases (numerator) but the total num- 
ber of new individuals at risk (denomina- 
tor) in each successive time period. It 
makes a great deal of difference whether it 
is a closed or an open universe, i.e., whether 
the population is composed of the same, 
or approximately the same, individuals 
throughout the period of observation or 
whether the individuals in the population 
are changing through immigration and emi- 
eration, For example, an incidence of cere- 
brospinal meningitis in one army camp ten 
times greater than in another when ex- 
pressed on the basis of “cases per thou- 
sand strength per year,” may be due to the 
fact that in the latter the personnel is per- 
manent, while in the former it is periodi- 
cally changing through the arrival of re- 
cruits and the departure of graduates from 
a course of training, so that ten times as 
many individuals are at risk of infection 
during the course of a year. 


EPIDEMICS OF SHORT DURATION 
(SHARP OUTBREAKS) 


The word epidemic is most commonly 
used to refer to the sudden or unusual 
appearance and/or temporary increase in 


134 


incidence of a disease previously absent or 
occurring only sporadically in a particular 
population group and environment. It is 
conventionally represented in a graph by 
plotting the number of cases (ordinates) by 
date of report or onset according to the 
selected time intervals, hours, days, weeks 
(abscissae). The numbers usually show a 
regular ratio of increase in successive inter- 
vals to reach a maximum and pass over into 
a similar ratio of decrease so as to describe 
a more or less symmetrical curve, as illus- 
trated in Chart 8. 
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Cuart 8. Outbreak of Q fever in the 
3rd Battalion, 362nd Infantry, indi- 
cated by daily hospital admissions 
for units as a whole and for each com- 
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It is to be noted that the span of time 
between the minimum and maximum in- 
cubation periods varies widely in different 
diseases. For example, in food poisoning due 
to staphylococcus toxin it is a matter of 
1 to 8 hours; in influenza from 1 to 2 days; 
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in measles from 12 to 16 days; in homol- 
ogous serum jaundice from 2 to 6 months. 
By comparison of this span of time of the 
disease involved with the period during 
which the cases included in the outbreak 
have their onsets, an important inference 
can be drawn. If the onsets of all or nearly 
all of the cases fall within an interval no 
greater than that of the known variation in 
incubation periods, then it can be assumed 
that they arose from a nearly simultaneous 
exposure to a common medium of dissemi- 
nation or to a single source. Or, reversing 
the procedure, if it be known that the group 
of persons selected by a disease have been 
together upon only a single occasion, then 
the common exposure must have occurred 
at this time and the variation in the incuba- 
tion periods of different individuals can be 
calculated. 

These considerations may be illustrated 
by the epidemiologic studies of an out- 
break of Q fever among Allied troops in 
the Mediterranean Area, 1944-45, The fol- 
lowing account is paraphrased from the 
report of Robbins, Gauld and Warner 
(1946). 


In April, 1945, the 3rd Battalion, 362nd 
Infantry Regiment, with an approximate 
strength of 900, experienced an explosive out- 
break of Q fever. A total of 269 soldiers, or 
almost 30 per cent of the unit, were hospital- 
ized between April 7th to 29th, 1945, with an 
illness diagnosed as primary atypical pneu- 
monia. Early in March, the battalion was in 
the line where the various companies were 
widely dispersed. On March 20th they moved 
back to rest and bivouacked in an area on the 
northeastern slope of a ridge about 0.5 mile 
from Pagliana. The 4 companies camped in 
a semicircle about a farmhouse in which the 
Battalion Headquarters was located and where 
the headquarters officers lived. The farmer 
and his family remained in the house during 
this period. The men had pyramidal or pup 
tents for shelter and some slept on the 
ground. Some of them used hay from the 
barn adjacent to the house or straw from a 
nearby haystack as bedding. This bivouac 
area was occupied until April 3rd. 

While in this location an intensive training 
program was carried on which included the 
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presentation of numerous training films and 
motion pictures. These films were shown in 
the loft of the barn adjacent to the farmhouse 
and attendance of all personnel in the bat- 
talion was compulsory. The loft was large 
enough to accommodate one company at a 
time and the companies attended in rotation. 

The course of the outbreak is shown in 
Figures 2 and 3.* The first patient was hos- 
pitalized on April 7th, 4 days after the bat- 
talion had moved back into the line and 18 
days after it first occupied the area near 
Pagliana. The outbreak was explosive with 
the peak between April 12th and 14th. On 
April 14th there were 40 hospital admissions 
from the 3rd Battalion. By April 19th the 
outbreak was almost over and the last patient 
was hospitalized on April 29th. The total 
number of cases was 269, with 171 (63 per 
cent) occurring in the 6 days from April 10th 
to 15th. 

The occurrence of the cases, by company, is 
shown in Figure 3.7 It will be seen that the 
outbreak occurred in all companies at about 
the same time. 

Only 4 cases of a similar clinical disease 
are known to have occurred in the other bat- 
talions of the regiment. These four men were 
all members of the 2nd Battalion and had all 
attended the showing of training film in the 
hay barn in the 3rd Battalion area on the 
night of March 25th. This was the only time 
3 of them had been in the area but the other 
patient was a frequent visitor. 

The explosive character of the outbreak 
would point to some common source of in- 
fection applicable to the entire battalion. 
Water is unlikely as a source of infection be- 
cause the unit’s water supply came from an 
engineer point which supplied other units 
which had no disease. 

It would seem that the infection occurred 
during the period the battalion was bivouacked 
near Pagliana since this was the only time the 
entire unit was brought together. Assuming 
it to have occurred in this area, the time in- 
terval between possible exposure and onset of 
the outbreak fits exactly the incubation period 
previously estimated, 14-26 days. In specu- 
lating upon the possible sources of infection 
associated with the area, suspicion imme- 
diately centered around the barn where the 
motion pictures were shown, particularly when 
one considers the 3 cases in men from the 2nd 
Battalion who had visited this barn. 


* See Chart 8, an adaptation of the figures men- 


tioned here. 
+ Le., in Robbins, Gauld and Warner. 
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The investigation of an explosive out- 
break may be relatively simple, since 
a priori one is concerned only with discover- 
ing the common factor, A microparasitic 
population has suddenly found an oppor- 
tunity and a medium by which it can be 
disseminated to a group of host individuals 
in a short space of time. A certain propor- 
tion of the exposed persons is susceptible 
and to that extent they come down with 
subclinical or clinical attacks characteristic 
of the specific infectious agent. The prob- 
lem is resolved in discovering upon what 
common occasion, or by what common 
medium, the persons so selected could have 
had a more or less simultaneous exposure. 

If the portal of entry of the specific 
microparasite involved is or may be through 
the alimentary tract, attention is centered 
upon articles of food or drink, particularly 
water supply, milk supply or food that has 
been insufficiently cooked or which has 
been allowed to stand several hours after 
preparation in a warm place, allowing op- 
portunity for growth of the pathogenic 
micro-organisms, The remainder of the in- 
vestigation is then directed toward eluci- 
dating the conditions which permitted the 
contamination to occur, with the practical 
objective of instituting appropriate preven- 
tive measures. 

If the epidemic is caused by micropara- 
sites which enter only through the respira- 
tory tract, the investigation would seek to 
establish that the group affected had been 
exposed to a common indoor atmosphere. 
There is some evidence to suggest that occa- 
sionally viral or rickettsial particles lib- 
erated from a human or extrahuman source 
may remain viable and floating in the air 
in sufficient concentration and for a suffi- 
cient period of time to infect a number of 
individuals breathing the atmosphere at or 
about the same time. Outbreaks of this 
type, however, must be rare and nearly 
always obscured by the contemporary inci- 
dence of cases due to more immediate 


transfer of infection from person to person. 
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If the epidemic is due to microparasites 
which are transmitted to man by some 
arthropod, the investigation would seek to 
ascertain whether the group affected had 
been briefly exposed in a localized environ- 
ment to bites of the vector species. Cook 
(1944) reported an instance of this kind in 
his studies of the epidemiology of scrub 
typhus: 


A sharp outbreak of scrub typhus occurred 
in one brigade, in which 45 cases were re- 
ported over a period of four weeks. Investiga- 
tion showed that infection was _ practically 
limited to two battalions operating in a par- 
ticular area and within these battalions to 
companies patrolling a strictly limited locality. 
Detailed inquiry revealed the interesting fact 
that patrols taking different routes occasion- 
ally crossed at this spot, and bivouac or 
exercise here was the only common feature of 
epidemiological history in affected companies. 
Cases of typhus appeared in such patrols ten 
to fourteen days later, in some cases after a 
single visit. Companies whose patrols were 
limited to adjacent country escaped. The in- 
cidence in companies reported as using the 
site was high. Within the companies, incidence 
was confined to platoons which had bivou- 
acked nearest the jungle fringe on a short 
section of the bank of a steep banked creek. 
Two patients subsequently reported from 
otherwise unaffected units gave a history of 
having visited this locality about twelve to 
fourteen days previous to onset. 


When the epidemic is caused by micro- 
parasites whose mode or modes of trans- 
mission have not been elucidated, as is the 
case with Q fever cited above, all of these 
possibilities must be considered. 


EPIDEMICS OF LONG DURATION 
(PROGRESSIVE EPIDEMICS) 

When the span of time of an epidemic 
Wave is much greater than the average in- 
cubation period of the particular disease 
in question, then it can be assumed that 
(1) exposure to dissemination has been pro- 
longed; or that (2) the infection is being 
propagated by progressive host-to-host 
transfer (contact transmission); or that 
(3) there is a combination of common- 
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medium dissemination with secondary con- 
tact transmission. An epidemic which is 
principally or solely the result of progres- 
sive host transfer is frequently called a 
progressive epidemic. 

Frequently the term epidemic refers only 
to a peak in the oscillating incidence of a 
disease more or less constantly prevalent in 
a community. How great the increase of 
incidence must be before it is regarded as 
epidemic is a matter of judgment and is 
influenced by psychologic attitudes. The 
greater the fear of a disease, or the more 
unusual it is in a community, the smaller 
the increase needed to justify use of the 
descriptive term. Many statistical devices 
have been suggested for making the defini- 
tion more objective and precise (Bundesen 
and Hedrich, 1925; Rich and Terry, 1946), 
but no definition has yet received general 
sanction, Dependence is placed in general 
upon comparing the current incidence of 
each specific infectious disease with its inci- 
dence in the past in the same population 
group and at the same time of the year. 
This expected number or norm is commonly 
expressed as a three-year or five-year me- 
dian of reported cases. When current inci- 
dence exceeds this number in several suc- 
cessive time periods, the disease shows a 
tendency which, if sustained and great 
enough, sooner or later merits a pronounce- 
ment of the presence of an epidemic. 

Each infectious disease has a seasonal 
variation which follows a more or less regu- 
lar pattern, reaching a maximum distribu- 
tion about the same time each calendar 
year, when conditions are most favorable 
to transmission. Each is subject also to an 
interannual variation or secular trend which 
may be slight or show wide fluctuations. 
Some diseases manifest a cycle or peri- 
odicity, epidemic years occurring at fairly 
regular intervals of two or three years, or 
perhaps four or five years or longer (Com- 
mission on Acute Respiratory Diseases, 
1946). Others are entirely unpredictable in 
their annual behavior, 


EPIDEMIC THEORY 


EPIDEMIC THEORY 


The simplest of all infectious diseases is 
measles. Table 9 (Wilson and Burke, 1942, 
1943) illustrates the manner in which its 
incidence varies in any large city, By pro- 
gressive host-to-host transfer the virus 
population maintains itself more or less 
continuously. If it dies out completely, 
before long it is reintroduced by the impor- 
tation of a case in the infective stage. There 
is, however, a rhythmical variation in inci- 
dence correlated with the season of the 
year increasing to a maximum in the spring 
and decreasing to a minimum in the summer 
months. The time at which the maximum 
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incidence is reached in each year varies 
within fairly wide limits, In some years, the 
total incidence is relatively low, in others 
it rises to a level regarded as epidemic. 
These epidemic years appear to recur at 
fairly regular intervals in the same locality. 

A century ago the periodicity of measies 
epidemics was known and discussed (Hirsch, 
1883). The causes were thought to be ob- 
scure and complex,although it was generally 
accepted that the accumulation of suscepti- 
bles was an important factor. A more pre- 
cise numerical approach to the explanation 
of periodicity of measles began with the 
contribution of Sir William Hamer (1906). 
Following his lead, a biometrician (Soper, 


TABLE 9. Meastes Cases BY MONTHS IN PROVIDENCE 1917-1940 


(Adapted from Wilson and Burke, Proc. N.A.S., 1943) 
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data (J. Roy. Statist. Soc. London, 92, 34-61 (1929)). How many peaks one 
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tation one gives to the qualifying adjective m 
an epidemic. 
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ks from 1888 to 1927, incl., based on Soper’s 
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1929) in the course of an examination of 
possible methods of forecasting common 
contagious diseases “was led to adopt the 
simplest mathematical postulate that would 
describe on a first measure the generally 
accepted mechanism of epidemic measles, 
if the accumulation of susceptibles were 
really the prime factor, to compare the de- 
duced results with the observed facts and 
then modify the primary hypothesis.” 
Soper’s work in turn stimulated W. H. Frost 
(unpublished), Lowell J. Reed (unpub- 
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Cuart 9, Secular trend of measles 
in Baltimore, Maryland, indicated by 
the estimated number of cases and 
susceptibles in the population under 
15 years of age. (Adapted from Fig. 3, 
Hedrich, A, W., 1933, Monthly esti- 
mates of the child population “sus- 
ceptible” to measles, 1900-1931. 
American Journal of Hygiene, 17, 
626.) 


lished), Hedrich (1933), McKendrick 
(1940), and Wilson and Burke (1942, 
1943) to elaborate the statistical approach 
to epidemic theory. This has elucidated 
quantitatively the relationships of the prin- 
cipal factors involved, and contributed toa 
rational explanation of the epidemiologic 
behavior of measles, 

The fundamental facts with which one 
Starts are simple. The biologic attributes 
of the measles virus and the requirements 
for infective transmission from case to sus- 
ceptible remain relatively constant. The 
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dynamics of the mass reaction are due to 
the flow of the virus through the human 
population. Susceptibles effectively exposed 
to cases in turn become cases; cases recov- 
ering from the infection become immunes. 
The susceptibles are being constantly re- 
cruited through birth and immigration, and 
depleted through becoming cases and im- 
munes, or through deaths or emigration. 

Upon the basis of a series of logical and 
reasonable approximations and assumptions, 
Hedrich (1933) made monthly estimates of 
the child population susceptible to measles 
in Baltimore from 1900 to 1931. As shown in 
Chart 9, during the 32-year period the cal- 
culated proportion of susceptibles in the 
population under age 15 did not rise above 
53 per cent nor fall below 32 per cent. The 
percentage figures are only approximations, 
but the implications are significant. When 
the proportion of susceptibles was low, the 
incidence of measles tended to be low ; con- 
sequently, susceptibles accumulated, When 
the proportion of accumulated susceptibles 
approached what McKendrick calls a 
threshold density, the situation was favor- 
able for the support of an accelerated inci- 
dence of cases, or an epidemic. During a 
short period of time, the proportion of sus- 
ceptibles fell rapidly as they became cases 
and subsequently immunes, As the propor- 
tion of immunes increased, more and more 
cases failed by chance to make effective 
contact with susceptibles and the incidence 
of new cases fell accordingly. 

It is apparent, therefore, that the princi- 
pal factor determining the occurrence oi 
progressive epidemics of measles is the pro- 
portion of susceptibles in the population at 
risk, and that the termination of an epi- 
demic wave is due to the dampening effect 
of the cumulation of immunes and not nec- 
essarily to the complete exhaustion of sus- 
ceptibles, since many escape effective expo- 
sure. The proportion of susceptibles required 
to support an epidemic, and per contra the 
postepidemic proportion remaining, will 
vary In every community, and even in the 
same community at different times of the 
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year. It is much easier to start an epidemic 
spread of the disease during the winter than 
in the summer, due to changes in the contact 
rate, which are only partially understood. 

By utilizing the simplified premises in 
measles, and representing the four principal 
factors by appropriate symbols, it is pos- 
sible to derive a dynamic equation by 
which, given (1) the number of cases, (2) 
number of susceptibles, (3) number of the 
total population, and (4) assuming an arbi- 
trary value for the contact rates in one time 
period of 14 days, the number of new cases 
which will arise in the successive time peri- 
ods of the same length can be calculated. 
In a community where sufficient data are 
available, the correspondence between cases 
predicted by such a formula and the cases 
observed is reasonably good within certain 
limits. The same kind of reasoning and 
mathematical postulations can be applied 
to other infectious diseases. However, the 
factors which go into the equation become 
more complex, and for an increasing pro- 
portion one is unable to obtain numerical 
values from observations made in nature. 
The practical usefulness of the statistical 
approach to epidemic theory becomes cor- 
respondingly limited. 
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Another approach to the discovery of 
laws or general principles governing the 
behavior of infectious diseases in human 
populations is through observations made 
upon epidemics in experimental animal 
colonies. Notable among the many contri- 
butions are those made upon colonies of 
white mice by Theiler (1941) and Traub 
(1939) on virus infections of the central 
nervous system; by Webster and his asso- 
ciates (1932, 1946) on salmonella, pasteur- 
ella, pneumococcus, and Friedlinder bacil- 
lus infections ; by Topley and his associates 
(Greenwood, Hill, Topley and Wilson, 
1936: Topley, 1942) on salmonella, pas- 
teurella, and ectromelia virus infections. 
These studies are too extensive to permit 
detailed review. It will be useful perhaps 
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to comment briefly upon the methods used 
and the knowledge gained. 

The general procedure was to assemble 
uninfected animals in unit cages, the ar- 
rangement of which could be altered to 
simulate a community of any desired size. 
A constant regime of cleaning and feeding 
was established, and appropriate measures 
taken to prevent the introduction of extra- 
neous, pathogenic micro-organisms. An epi- 
demic was started by introducing into an 
uninfected animal colony a certain number 
of animals infected with the microparasite 
selected for the experiment. The course of 
the subsequent epidemic was indicated by 
the occurrence of specific deaths, proved by 
necropsy and culture. Effort was made to 
hold all of the important factors constant 
except the one under examination, and to 
note the effect this variable had upon the 
course of an artificially produced epidemic. 

It became evident very early in this work 
that a constant genetic stock of experi- 
mental animals was fundamental to control 
of the host variable. As had long been 
known to the plant pathologists, it was 
found possible within certain limits by se- 
lective mating to breed out lines that were 
relatively resistant or relatively suscepti- 
ble to infection with a particular micro- 
organism, such as S, enteriditis, the cause 
of mouse typhoid. It was demonstrated, 
for example, that there may be selected 
promptly from a hybrid stock of mice, of 
which 40 or 50 per cent die, lines in which 
as high as 95 per cent and as low as 15 per 
cent succumb following a standard dose of 
S. enteriditis. This afforded experimental 
evidence of the importance of innate dif- 
ferences in resistance genetically trans: 
mitted in human families, lines of descent, 
races, to a particular microparasite, a phe- 
nomenon well illustrated by the differences 
in the host reaction of the white and negro 
race to infection with Myobacterium tuber- 
culosis. 

The possible importance of nutrition of 
the host to natural resistance to infection 
was appreciated. If a diet were so poor in 
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quality or quantity as to bring about a state 
of debility, experimental animals whose 
lives were already in jeopardy from the 
consequences of produced deficiency would 
have a higher death rate than well-nourished 
animals if subjected to the added insult of 
infection. Obviously, it was desirable to 
hold this factor constant by providing a 
uniform and well-balanced diet. It was 
noted, however, that a diet which was well- 
balanced for normal growth and develop- 
ment, was not necessarily well-balanced in 
its effect upon host resistance to infection 
with a specific micro-organism. This ques- 
tion has been explored extensively by many 
investigators in relation to various infec- 
tions experimentally produced in animals. 
The studies of Schneider and Webster 
(1945) on the effect of diet on the response 
of several genotypes of white mice to sal- 
monella infections, is a particularly valu- 
able contribution. On the basis of present 
information, resistance-promoting food ele- 
ments were of very limited importance as 
one of the variables affecting the results 
of experimental epidemics produced by 
Salmonella enteriditis. 

The variability in the biologic poten- 
tialities of the strains of infecting micro- 
organism employed received ‘ considerable 
attention. A theory had been advanced by 
certain speculative epidemiologists that the 
rise and fall of an epidemic, such as the 
pandemic of influenza, are principally, if 
not wholly, due to a progressive increase 
and decrease, respectively, in virulence of 
the specific agent, the increase being brought 
about by rapid passage of the infecting 
agent in human beings during the early part 
of an epidemic and the decrease occurring 
because the infecting agent is subjected as 
an epidemic progresses to more resistance 
and less frequent Passage as the result of 
increasing immunity in the host population. 
To test this theory, methods were devised 
by Webster for measuring the virulence of 
a specific strain of micro-organism for 
groups of mice by administering a fixed 
dosage. Sample cultures were obtained from 
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animals dying at various times during arti- 
ficially produced epidemics. Comparative 
titrations were made on strains from epi- 
demics of pasteurellosis in rabbits, chickens 
and mice. Similar titrations of two serologic 
types were made during the course of mouse 
typhoid infections in mouse populations. A 
total of 300 or 400 titrations were made 
under many conditions to test the theory 
of fluctuating virulence. “The results were 
invariably negative and showed a constancy 
and fixity of disease-producing power of a 
given strain of organisms under all condi- 
tions of natural infection. . . .” 

From his experience with experimental 
epidemiology, Webster was inclined to be- 
lieve that in all instances changes in biologic 
potentialities of specific microparasitic spe- 
cies are of little or no importance in deter- 
mining the rise and fall of epidemic waves. 
While this may be true within certain limits 
for many parasitic species, there are some 
which are more unstable and exhibit muta- 
tions not infrequently. The possibility that 
bacterial and viral dissociation may occa- 
sionally play a role cannot. be ignored 
(Zinsser and Wilson, 1932). The develop- 
ment of sulfadiazine-resistant or penicillin- 
resistant strains of bacteria is a pertinent 
indication of what may happen in nature. 

Other highly suggestive experiments were 
conducted by Webster and associates. In 
one series of studies it was demonstrated 
that, when infected animals were intro- 
duced in a closed universe of susceptible 
animals, the ensuing epidemic quickly sub- 
sided as susceptibles died or became im- 
mune, although some escaped infection. An 
epidemic started in this manner could be 
maintained in an open universe if sufficient 
Susceptible recruits were added at regular 
intervals. If the conditions were held rela- 
tively constant, the balance between the 
microparasites and the host population 
tended to reach a stabilized equilibrium. 
This was violently disturbed by a major 
change in the contact rate, which was ac- 
complished by bringing a large number of 
animals previously dispersed in small single 
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cages into a single colony in a large cage. 

These and other experiments added sup- 
port to some of the generalizations derived 
from experiences with epidemics in human 
populations under natural conditions. They 
emphasized particularly the accelerating 
effect upon incidence of an intlow of sus- 
ceptibles into an infected community, and 
of aggregation of individuals into large 
groups (crowding) and per contra the 
dampening effect upon incidence of accu- 
mulation of immunes. But the actual quan- 
titative importance of each of these factors 
varies with the disease, its mode of trans- 
mission, the host relationships involved, and 
the local circumstances. 


EXTRAHUMAN RESERVOIRS 


In the preceding paragraphs, for the sake 
of simplicity in discussing factors which de- 
termine incidence, attention was concen- 
trated upon infections which are transmis- 
sible directly from one individual to another 
of the same host species. These are due to 
microparasites which in the process of host- 
wandering, mutation and selective adapta- 
tion have become so highly specialized in 
their nutritive requirements that they can 
grow and multiply only when enzyme sys- 
tems of certain human tissues and cells are 
available to them. Other disease-producing 
agents are sufficiently plebeian in their nu- 
tritive requirements to be able to find con- 
ditions favorable for their propagation in 
selected organs and tissue cells not only of 
man but of other mammals, birds or arthro- 
pods. 

Man, along with many other species of 


mammal, serves only as an aberrant host 


for the virus of rabies, which is dependent 
for its continuous propagation upon the 
canine species. The virus of yellow fever 
can grow in the cells of many species of 
mammal, and in several species of mus- 
quito found in the jungles of South America. 
Primarily, the virus is native to jungle life, 
apparently principally dependent upon al- 
ternation of monkey and mosquito hosts. 
Occasionally, it is transmitted to man, who, 
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as an aberrant host, has “jungle” yellow 
fever, which is usually a sporadic disease. 
But if an infected human being happens 
to reside in a community in which there are 
sufficient numbers of a domesticated spe- 
cies of mosquito, Aedes aegypti, and is bit- 
ten by them, they serve as efficient vectors 
in propagating an epidemic of yellow fever. 
Since the virus cannot make an effective 
exit from the human host, except through 
the medium of blood-sucking mosquitoes, 
the disease is not otherwise transmissible 
directly from man to man. 

Rickettsiae are microparasites of arthro- 
pods. In the process of evolution, they have 
become adapted to propagation in selected 
cells of man and other mammals. For ex- 
ample, R. tsutsugamushi, the cause of scrub 
typhus, has established a symbiotic rela- 
tionship with certain species of trombiculid 
mites (Blake, Maxcy, Sadusk, Kohls and 
Bell, 1945). Mites become infected in the 
larval stage, and rickettsial progeny are 
passed from generation to generation 
through the successive stages of develop- 
ment of the mite—nymph, adult, egg, 
larvae, etc. This transovarial passage of the 
microparasite apparently does not interfere 
with normal growth, development and ac- 
tivity of the mite host. Only in the larval 
stage does the mite seek a meal of tissue 
fluids from a mammal. In the ecology of the 
mite vector, field rats are the most accessi- 
ble source of stich nutritive fluids. In the 
process of feeding, the larval mite infects a 
rat, which suffers an inapparent infection, 
While the rickettsiae are actively multi- 
plying and_ being liberated into its peri- 
pheral circulation, the rat’s tissue fluids 
are a medium of distribution to unin- 
fected larval mites which happen to be 
feeding upon the animal at the time. 
The cycle is thus maintained in nature 
without apparent detriment to either mite 
or rat population. When an infected mite by 
chance feeds upon and infects a human 
being, the host reaction is manifested by 
the clinical signs, symptoms, and course of 
illness classified under medical terminology 
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variously as tsutsugamushi disease, scrub 
typhus, mite typhus, etc. Since larval mites 
have little or no opportunity to feed upon 
man during the stage of his illness when 
rickettsiae are in the peripheral circulation 
and since the rickettsiae fail to make an 
effective exit from the human host in excre- 
tions or secretions, the infection is not 
passed directly from man to man. 

These illustrations serve to indicate the 
complexity of the factors which determine 
the incidence in human populations of dis- 
eases which are caused by microparasites 
with multiple host relationships. The occur- 
rence of human cases is the visible indica- 
tion of the existence of an extrahuman 
reservoir, There is some difference of opin- 
ion as to whether the term reservoir should 
be used to refer only to the principal mam- 
malian or avian hosts or whether it should 
include arthropod hosts as well. Rationally, 
it could with advantage be used to refer to 
the whole underlying extrahuman mecha- 
nism by which a specific microparasitic 
population is continuously maintained, in- 
cluding the specialized ecology necessary 
to support the biologic relationships in- 
volved. 


EVALUATION OF PREVENTIVE 
MEASURES 


Knowledge of most of the common in- 
fectious diseases has advanced to a point 
where the principal factors which determine 
incidence and distribution are generally 
recognized. With many, if not all, however, 
there is need for epidemiologic studies 
which will more exactly define these fac- 
tors and establish their relative (crudely 
quantitative) importance. One may glibly 
State, for example, that measles is air- 
borne. It remains to be determined, how- 
ever, to what extent the virus is conveyed 
on particles, more or less indirectly, by air 
currents from a case to susceptibles, the 
particle size which when inhaled wil] reach 
the mucous surfaces of the upper respira- 
tory tract essential for infective contact, to 
what extent the virus is conveyed rather 
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directly from person to person in what 
might be called conversational proximity, 
to what extent the virus is conveyed by 
contamination of articles with infective 
secretions and transferred by hands to the 
mouth of a susceptible, etc. The relative 
importance of these different routes of 
transmission must be evaluated if measures 
introduced to prevent spread are to be 
maximally effective. To put the thought in 
more general terms, it is necessary to effec- 
tiveness that measures of prevention be 
directed against those conditions which are 
of actual importance in the particular situ- 
ation rather than against the much wider 
range of conditions which may possibly 
contribute to the prevalence of a disease. 
Innumerable instances could be cited in 
which public health campaigns or measures, 
thought to be theoretically sound and ra- 
tionally conceived, failed to accomplish the 
reduction which was expected. 


SECONDARY ATTACK RATE 


A classical example of critical evaluation 
of measures to prevent the spread of com- 
mon contagious diseases is afforded in the 
development and use of the secondary at- 
tack rate, with particular reference to 
scarlet fever and diphtheria, by Dr. Charles 
V. Chapin, for many years health officer 
of Providence, R. I. It is related in some 
detail by Frost (1938) in a discussion of 
the familial aggregation of infectious dis- 
eases, 

The principles and applications of the 
methods have the merit of yielding infor- 
mation which is easily understood and 
directly related to the practical problems 
of the health officer. The ultimate epi- 
demiologic unit in a civil community is the 
family or household, a group of people, 
mostly of close kinship, sharing a common 
environment, living in close contact in a 
manner easily described, and usually under 
the eye of a single medical or lay observer. 
The degree of contagiousness of different 
diseases can be measured by a statistical 
index derived from familial experience, The 
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first case to occur is designated as a pri- 
mary case. A census is made of the exposed 
members of the family, classified by age, 
sex, or other conditions which it is desired 
to take into account, especially with regard 
to their past history of having had the dis- 
ease in question or specific immunization 
against it. A record is then kept of cases 
occurring in any member of the household 
within time limits, with reference to the 
primary case, set specifically for each dis- 
ease, so as to include those probably in- 
fected by contact. It is then possible to 
summarize the observations on a large num- 
ber of families and obtain an index of 
average experience based upon the ratio 
between secondary cases and exposed per- 
sons, or exposed persons specified as to age, 
Sex, relationship, previous history, immu- 
nity status, or other quality. Schematically 
represented : 
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swering certain questions: for example, (1) 
given a case of a communicable disease in 
the family, what is the risk of clinical 
attack borne by others in the same house- 
hold within specified periods of time? (2) 
to what extent can risk of clinical attack 
be reduced by preventive measures, such as 
sending the primary case to the hospital, 
immunization of exposed susceptibles? It 
is pertinent to remark in this connection 
that a practical objective of preventive 
medicine is to decrease the risk of disease 
and death but not subclinical, immunizing 
infections, 

While the secondary attack rate is a satis- 
factory device for evaluation of measures 
designed to reduce intrafamilial spread, it 
is only indirectly and by inference an indi- 
cation of their effectiveness in reducing 
community spread. It is obvious that in 


Number of secondary cases 


Secondary attack rate = 


Table 10 illustrates the manner in which 
the intrafamilial spread of different diseases 
can be compared. 

It is to be noted, however, that this index 
is based upon the frequency of secondary 
clinical cases following the occurrence of 
a primary clinical case. It does not take 
into consideration the spread by subclinical 
infections. It is useful nonetheless in an- 


Number of exposed persons 


x 100 


dealing with a disease such as poliomyelitis 
it might be possible to demonstrate that by 
prompt isolation of the primary case the 
secondary familial attack rate could be 
measurably lowered, Yet, if there are one 
hundred individuals who have subclinical in- 
fections for each individual who has a para- 
lytic attack, and both categories are in- 


TABLE 10.-SECONDARY ATTACK RATES FOR POLIOMYELITIS, SCARLET FEVER AND DIPHTHERIA 
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volved in maintaining passage from person 
to person, the effect of prompt isolation of 
cases upon the incidence in the community 
as a whole may be so small as not to be 
measurable. 

The evaluation of preventive measures in 
reducing the incidence of a disease in a 
large population unit, such as a city, is 
fraught with difficulty. Allowance must be 
made for the natural trend of the disease 
due to changes in complex factors other 
than those which are affected by the admin- 
istrative measures. Occasionally, nature 
performs an experiment, which if brought 
under adequate epidemiologic perception, 
answers a crucial question. A classical ex- 
ample, which should be read by every stu- 
dent of epidemiology, is presented in the 
observations made by John Snow (1865) 
on the relation of the purification of water 
supplies to the incidence of cholera in dif. 
ferent districts of London during the epi- 
demic of 1854-55, 

Nature, however, seldom sets the stage 
for a scientific experiment in such a man- 
ner that it is possible to observe two popu- 
lation groups alike in all important respects 
except one. So it becomes necessary to set 
up such groups artificially if many ques- 
tions as to the effectiveness of control 
measures are to be answered. Unusual op- 
portunities for such studies were afforded 
in military organizations during the war. 
The many considerations which must enter 
into investigations of this type are illus- 
trated by a study of the effect of oiled floors 
and bedding on the incidence of respiratory 
disease in new recruits (Commission on 
Acute Respiratory Diseases and Commis- 
sion on Air-Borne Infections, 1946), 


EVALUATION OF IMMUNIZA- 
TION AND CHEMOPROPHYLAXIS 


The same kind of considerations enter 
into epidemiologic investigations designed 
to evaluate the prevention of an infectious 
disease by immunization or by the prophy- 
lactic administration of antibiotics or chem- 
ical compounds. The preliminary work in 
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testing effectiveness and safety is carried 
out in the laboratory upon experimental 
animals. When sufficient evidence has been 
accumulated to justify the use, the final 
evaluation of the efficacy of such agents can 
be obtained only by human trial. Further- 
more, these observations must be so con- 
trolled as to merit scientific acceptance ot 
results. Failure to meet this necessity has 
led in many instances in the past to the 
exploitation of biologic products and chem- 
ical substances which was unwarranted, and 
at times actually detrimental. It has_be- 
come painfully evident that evaluation by 
“clinical impressions” is unreliable. 

The basic requirements of critical trials 
upon human beings are well known, but the 
actual conduct of such an experiment is 
fraught with practical difficulties. Ideally, 
two groups of persons, a test and a control 
group, are placed under observation. They 
must be alike in all essential respects, par- 
ticularly those which relate to their sus 
ceptibility at the beginning of the experi- 
ment and their exposure to natural infection 
throughout the period of observation. The 
substance to be tested must be administered 
without discrimination; if possible, alter- 
nate individuals should receive a placebo or 
blank. It is highly desirable that neither the 
subjects themselves nor the investigator 
who is responsible for their subsequent 
follow-up and observation should know who 
has received the test material and who has 
not. In this manner, errors due to uncon- 
scious human bias may be obviated. Indi- 
viduals of both groups must be examined 
with equal frequency, care, and for equal 
periods, which are sufficiently long to insure 
an adequate test of the protection afforded. 
The criteria used in clinical diagnosis must 
be clearly stated. The resulting attack rates 
in the two groups must be sufficiently large 
to be statistically significant, 

This is a basic outline of the kinds of 
problem encountered. There are always 
many perplexing circumstances and occur- 
rences tending to disturb the results for 





REFERENCES 


which allowance must be made in some 
manner. Illustration of this type of epi- 
demiologic studies designed to evaluate 
critically an immunization procedure is 
found in a report on the protective effect 
of vaccination against influenza A (Francis, 
Salk, Pearson and Brown, 1945), and in a 
subsequent series of reports on its protec- 
tive effect under conditions of natural 
exposure (Francis, 1945; Rickard, Thigpen 


145 


and Crowley, 1945; Hale and McKee, 1945: 
Katon and Meiklejohn, 1945: Hirst, Plum- 
mer and Friedewald, 1945; Salk. Menke 
and Francis, 1945; Magill, Plummer, Smil- 
lie and Sugg, 1945), An example of a study 
planned to assess critically the value of a 
drug, will be found in the report on the 
dynamics of meningococcal infections and 
the effect of chemotherapy by Phair and 
Schoenbach (1944), 
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Bacterial Viruses: Bacteriophages 


Bacteria are subject to viral infections 
similar to those observed in higher plants 
and animals, The presence of a virus is first 
recognized when signs of disease in bac- 
terial cultures are noticed, the most obvious 
of which is dissolution or lysis of the bac- 
terial cells. There is evidence that inap- 
parent infections not resulting in lysis also 
occur, but the best known bacterial viruses 
destroy their host cells by lysis, because 
these have caught the attention of investi- 
gators. Because of the dramatic nature of 
lysis, bacterial viruses were named bacterio- 
phages by d’Herelle (1917), who shares 
with Twort (1915) credit for their dis- 
covery. The name bacteriophage was not 
well chosen, since it calls attention to a 
relatively trivial property of these viruses, 
and away from important properties pos- 
sessed by all viruses. 


GENERAL PROPERTIES 


The fundamental properties of bacterial 
viruses revealed by earlier studies can be 
summarized as follows: 

The viruses multiply during growth and 
lysis of infected bacterial cultures, and can 
be propagated indefinitely through a series 
of cultures. 

The viruses are small, pass through filters 
which hold back bacteria and are not sedi- 
mented in ordinary centrifuges. 

The number of infective viral particles in 
a lysate can be counted by allowing a por- 
tion of a highly diluted filtrate to act on a 
culture of susceptible bacteria spread on the 
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surface of a nutrient agar plate. One thus 
counts plaques or clearings in the diffuse 
growth of bacteria on the agar surface, just 
as one counts bacterial colonies by plating 
on nutrient agar a highly diluted suspension 
of bacteria. The clearings, which result from 
the local growth and lytic action of the 
virus, arise from single viral particles in the 
filtrate, as shown by the proportionality be- 
tween their number and the volume of 
lysate introduced into the Petri dish. 

There are many types of bacterial virus 
which can be differentiated in various ways. 
First of all, a bacterial virus lysing bacteria 
of one genus does not ordinarily act on bac- 
teria belonging to another, with the excep- 
tion of some of the groups of intestinal 
bacteria of doubtful taxonomic standing. 
More interestingly, different strains of virus 
acting on the same bacterial species will 
usually be found to differ in the range of 
varieties of the related bacterial strains 
they attack. In general, a pure viral stock 
maintains its characteristics independently 
of the particular bacterial strain on which 
it is allowed to propagate, but genetic vari- 
ation of a limited kind can readily be 
observed. 

Bacterial viruses are extremely specific 
with respect to the bacterial strains on 
which they act. As a result of this speci- 
ficity, most virus-sensitive bacterial species 
regularly give rise to virus-resistant vari- 
ants, which grow out after the majority of 
the cells in an infected bacterial culture 
have been lysed. The resistance exhibited 
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by these bacterial variants is often a stable 
hereditary characteristic and is highly spe- 
cific, frequently being directed solely 
against the virus causing the primary lysis. 

Bacterial viruses are inactivated by high 
temperatures, radiation, and various poi- 
sons. They are usually less susceptible to 
these agents than are vegetative bacteria, 
but more susceptible than bacterial spores. 
Different viruses show great and character- 
istic differences in stability. 

Bacterial viruses are antigenic, giving rise 
in the tissues of experimental animals to 
specific neutralizing antibody of high titer. 
Their serologic specificity serves as an im- 
portant means of classification. The viral 
antigens are characteristic of the virus, and 
are independent of those of the bacterial 
host. That is, antibacterial antibodies do 
not neutralize bacterial viruses, nor do the 
bacterial cells absorb virus-neutralizing an- 
tibody from antiviral sera. 

References to the earlier literature and 
further information about bacterial viruses 
may be found in reviews by Bronfenbrenner 
(1928a, 1928b), Burnet (1934), Delbriick 
(1946a, 1946b), Krueger (1936), and Wil- 
son and Miles (1946). 


BIOLOGIC CLASSIFICATION 


When several bacterial viruses acting on 
the same bacterial host are isolated from 
different natural sources, no two of them 
are likely to prove identical (Burnet, 1933a: 
Burnet and McKie, 1933), Usually they can 
be differentiated by serologic means or by 
analysis of host specificity, and on further 
examination numerous points of difference 
emerge. The differences focus attention on 
the questions: How do the many types of 
virus arise? To which of the differences 
should taxonomic significance be attached ? 
There are two ways of tracing systematic 
relationships among viruses, namely, by 
experimental study of the evolution of new 
types and by correlating the properties of 
existing types. The first way is evidently 
more satisfying as far as it can be carried, 
but the second is easier and is a necessary 
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adjunct to evolutionary studies, Both types 
of evidence will be cited in the following 
discussion. 

It will be convenient to center this dis- 
cussion about a group of bacterial viruses 
known as the T system, which has been 
thoroughly studied. The nucleus of the 
group consists of seven types called T1, T2, 
... T7, which were first described collec- 
tively by Demerec and Fano (1945). The 
property common to ail members of the 
group is their ability to infect a particular 
strain of Escherichia coli known as B. The 
most obvious differences among them are 
the sizes of the clearings they form in bac- 
terial cultures on agar. T1, T3, and T7 form 
large plaques, while T2, T4, T5, and T6 
form small ones. As the following discus- 
sion will show, these differences are of some 
taxonomic significance. 


MORPHOLOGY AND SIZE 


Perhaps the most unexpected recent find- 
ing concerning the bacterial viruses is their 
complexity of form revealed by the elec- 
tronic microscope. Ruska (1941) and Luria 
and Anderson (1942) first described tad- 
pole-shaped particles which were believed 
to be the virus (Fig. 25). Luria, Delbriick 
and Anderson (1943) confirmed the finding 
of Luria and Anderson (1942) that different 
and characteristic images are obtained with 
different bacterial viruses and that the par- 
ticles are adsorbed to sensitive bacteria. 
They also showed that the number of visible 
particles in the lysate is approximately the 
same as the titer obtained by counting 
plaques. The same correlation had been 
made by Schlesinger (1933) by means of an 
ultramicroscope, but the importance of his 
observation was overlooked at the time. 
Luria, Delbriick and Anderson also obtained 
a few micrographs of bacteria undergoing 
lysis, in which numerous, characteristically 
shaped particles emerging from the husk of 
a single bacterium were seen. These find- 
ings, together with numerous earlier meas- 
urements of size by physical methods, 
among which those of Elford (1938) were 
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the most painstaking, finally put an end to 
an old controversy regarding the minimal 
particle size of certain bacteriohages 
(Hershey, Kimura and Bronfenbrenner, 
1947), 

Seven of the T viruses have now been 
studied by means of the electronic micro- 
scope (Delbriick, 1946a). The largest are 
T2, T4, and T6, which are morphologically 
identical. They show an oval body meas- 
uring at least 65 x 80 mu and a straight 
tail measuring about 20 x 120 mu. These 
viruses, illustrated in Figure 25, reveal a 
differentiated internal structure. TS is 
nearly as large as members of the group 
just mentioned but has a spherical body. T1 
resembles T5 but has a smaller body with 
a diameter of about 50 mu. T3 and T7 are 
smaller still and have spherical bodies about 
30 mp in diameter. Smaller viruses have 
been described (Elford, 1938; Frilley et al., 
1944) with estimated diameters of 10 to 
20 mu. It is evident that the bacterial vi- 
ruses constitute a strikingly heterogeneous 
assembly of infectious agents, and it is 
pertinent to inquire whether or not they 
represent more than one biologic class, This 
question is also frequently raised concern- 
ing the plant and animal viruses. 

ANTIGENIC STRUCTURE 

The work of Burnet (1933a) led to the 
recognition of eleven different serologic 
groups of viruses acting on £&,. coli alone. 
The situation he found may be illustrated 
by the relationships among the members of 
the T system of bacterial viruses, for which 
the analysis has been carried further (Del- 
briick, 1946a; Hershey, 1946a). The seven 
original types fall into four unrelated sero- 
logic groups as follows: T1; T2, T4, T6; 
T3, T7; T5. Antiserum against a virus be- 
longing to any one of these groups has no 
detectable action on viruses in any of the 
other groups. The relationships within 
groups are exemplified by the cross reac- 
tions among the even numbered viruses. 
Antibody against T2 neutralizes T2 much 
better than T4 or T6, but has some action 
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on all three, Antiserum against T'4  neu- 
tralizes T4 much better than 12 or T6, but 
has some action on all three. Antiserum 
against T6 likewise shows a strong homol- 
ogous reaction and weaker heterologous 





Fic, 25. Electron micrograph of the 
bacterial virus T2. x20,400. The inserts 
show higher magnification, x51,000. 


(S. E. Luria and T. F. Anderson, 
1942, The identification and charac- 
terization of bacteriophages with the 
electron microscope, Proceedings Na- 
tional Academy Sciences, 25, 127-130. 
Certain alterations have been made in 
order to combine these photographs in 
one plate.) 


reactions within the group. If antiserum 
against T2 is absorbed with T4 so as to 
remove a large part of the total antibody, 
the remainder still reacts to fair titer with 
T2, but scarcely at all with T4 or T6. This 
indicates that T4 and To have the same 
antigenic component in common with T2. 
By contrast, T4 and To are easily distin- 
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guished by testing with antisera against 
either one, showing that they also possess 
characteristic structures not shared with 
T2. Finally, if antiserum against T2 is par- 
tially absorbed with T2 itself, the remain- 
ing antibody reacts almost equally well 
with T2 and 74, indicating that the anti- 
body directed toward the common struc- 
tures is left. These examples suffice to show 
that bacterial viruses, like bacterial cells 
and all living tissues, contain both type- 
specific and group-specific antigenic deter- 
minants. On the other hand, there is no 
chemical or immunologic evidence that the 
bacterial viruses contain distinct separable 
antigens comparable to the protein and 
polysaccharide antigens of bacteria. In 
most respects, the virus behaves like a 
single antigen (Hershey, Kalmanson and 
Bronfenbrenner, 1943), and the multiple 
specificity described above may have a 
chemical basis similar to that revealed by 
the serologic cross-reactions between related 
proteins such as the ovalbumins of the hen 
and the duck. 

Immunologic analysis brings out the fact 
that two independent methods of classifica- 
tion, morphologic and serologic, divide the 
seven viruses into precisely the same four 
groups: It; 12, 04, 16: 13, 27 andePs, 
This result provides compelling evidence 
that either of these methods is sufficient to 
divide the bacterial viruses into genetically 
unrelated groups (Delbriick, 1946a). In 
keeping with the conclusion just stated, no 
experimental evidence has yet appeared to 
indicate that viral mutations give rise to al- 
tered antigenic character (Hershey, 1946b) 
Judging by the data accumulated so far, 
one would expect that, when antigenic vari- 
ation is found, it will prove to be slight and 
will not be accompanied by changes in size 
or shape of the viral particle. 


CHEMICAL COMPOSITION 


For several bacterial viruses, the identi- 
fication of the infectious unit with a charac- 
teristically shaped particle has been estab- 
lished beyond reasonable doubt. What is 
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equally important, these particles are al- 
most perfectly infectious, so that the 
plaque count on agar plates is 50 to 80 per 
cent of the count of visible particles 
(Schlesinger, 1933). These facts are crucial 
for practically all information concerning 
growth, genetic variation, and chemical 
composition of bacterial viruses. The im- 
portance of the high infectivity of some of 
the bacterial viruses becomes evident when 
one attempts to assess data on the chemical 
composition of viruses. If one finds that 
the weight of the isolated material per 
infectious unit is compatible with the esti- 
mates of size of the latter obtained by 
different methods, such as sedimentation 
and radiologic analysis, a fair state of pur- 
ity is established. This correlation has now 
been made for the bacterial virus T2. 

Hook and co-workers (1946) have an- 
alyzed preparations of the bacterial virus 
T2 which weighed about 10-! Gm. per 
infectious unit, and which were shown to 
consist entirely of the characteristic parti- 
cles. The material was composed chiefly of 
protein and desoxyribonucleic acid, with a 
remarkably high proportion of the latter— 
about 40 per cent. This predominance of the 
one constituent known to be characteristic 
of cell nuclei reinforces the notion that a 
virus particle possesses the minimum of 
genetic and reproductive functions. A prepa- 
ration of T2 similar to that described above 
has been analyzed by Cohen and Anderson 
(1946a). The absence of polysaccharide 
from this virus of relatively complex struc- 
ture is notable and increases the significance 
of the serologic classification of bacterial 
viruses. Taxonomically meaningless cross 
reactions are often due to similar poly- 
saccharide antigens, which seem to be dis- 
tributed without plan throughout the plant, 
animal, and _ bacterial kingdoms. Protein 
specificity, on the other hand, seems to have 
developed more strictly along phylogenetic 
lines. Nucleic acids themselves are not 
known to contribute serologic . specificity 
under any circumstances. 

Several viruses closely related to T2 have 
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been analyzed with results similar to those 
described. Puzzling exceptions are the 
preparations of Kalmanson and Bronten 
brenner (1939, 1943), which weighed 107!° 
Gm. per lytic unit and contained very little 
phosphorus. Also, Jeener et al. (1945) found 
that washing a preparation of virus with 
trichloracetic acid left a residue containing 
little phosphorus, and concluded that their 
virus was probably not a_ nucleoprotein. 
These exceptions should be investigated 
further. 

Other attempts to identify essential com- 
ponents of bacterial viruses have made use 
of enzymatic analysis. Desoxyribonuclease 
does not inactivate bacterial viruses (Jeener 
et al., 1945), although it removes part of 
the nucleic acid from certain types of 
preparation (Cohen, 1947). This type of 
evidence is of doubtful value, for many 
kinds of cell are also resistant to this 
enzyme. Furthermore, many _ bacterial 
viruses are resistant also to proteolytic 
enzyme; T2, for instance, is resistant to 
all enzymes that have been tested (Kalman- 
son and Bronfenbrenner, 1943). Certain 
bacterial viruses have been found suscep- 
tible to proteolytic enzymes (Northrop, 
1938: Hershey, 1943), though the inactiva- 
tion has not been shown to be due to 
enzymatic hydrolysis. 


HOST-SPECIFICITY AND BAC- 
TERIAL MUTATION 


The relation of different bacterial viruses 
to the cells of their hosts provides some of 
the most remarkable examples of biologic 
specificity known. In many instances, this 
specificity can be explained in terms of the 
ability of the viral particles to attach them- 
selves to bacterial cells. The specificity of 
the adsorption of virus to bacterium is usu- 
ally thought of as having a chemical basis 
analogous to that of the reaction between 
antigens and antibodies. Actually, the 
mechanism of attachment is not known, 
and it is possible that there are several 
different mechanisms. At any rate, viruses 
are frequently capable of distinguishing 
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sharply between bacterial strains which 
are antigenically indistinguishable (Burnet 
et al., 1937). The specificity of the virus: 
bacterium reaction is most interestingly 
seen by examining mutants of a sensitive 
bacterial strain which are resistant to one 
or more viruses, Experiments of this sort 
were first described by Bail (1923). More 
extensive studies of the T system of bac- 
terial viruses have been made by Demerec 
and Fano (1945), Luria (1946), and 
Hershey (1946a). A few typical results will 
be considered. 

If an agar plate is seeded with a mixture 
of about 10° bacteria of the strain B of 
Escherichia coli and an excess of virus T1, 
the great majority of the bacteria are lysed. 
However, a few survive and grow to form 
colonies. These survivors are the progeny of 
mutants which arise about once in 10° 
divisions in every culture of the sensitive 
bacterial strain (Luria and Delbriick, 1943), 
giving rise to clones of hereditarily resistant 
bacteria. These resistant mutants are of 
several kinds. One kind, called B/1,5, is 
resistant to the viruses T1 and TS, but is 
culturally and serologically indistinguish- 
able from the original B. A second kind 
(B/1) forms a small colony, is resistant 
only to Tl, and requires tryptophane and 
additional sources of amino nitrogen for 
growth (Anderson, 1944), A third class of 
mutants, also resistant only to T1, can do 
without tryptophane. ‘This class can be fur- 
ther subdivided into types whose colonies 
differ in size and may or may not form 
secondary papillae containing bacteria 
again sensitive to T1. There are 6 or 8 dif- 
ferent mutations, all leading to resistance to 
T1, which have been isolated repeatedly 
from different initially pure clones of B. It 
is clear that sensitivity or resistance to Tl 
is determined by many different genetic 
factors in the bacterial cell. When the ac- 
quisition of resistance to other bacterial 
viruses is studied in the same way, again 
a number of different mutations are found, 
each leading to resistance to the particular 
virus used for selection and sometimes to 
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a few others. The total number of genetic 
factors in B controlling susceptibility to all 
its viruses is therefore very great. 

Equally important from the point of view 
of the nature of virus sensitivity or resist- 
ance, is the question of the meaning of the 
linked characters, such as resistance to T1 
and TS or resistance to T1 and the trypto- 
phane requirement, of which many exam- 
ples are known (Luria, 1946). One sugges- 
tion is that there may be some metabolic 
connection between ability of the cell to 
synthesize tryptophane and to form the 
component of the cell-surface necessary for 
adsorption of T1 (Anderson, 1944). But it 
is also possible that this linkage depends 
on some wholly accidental feature of the 
genetic apparatus of the cell similar to the 
genetic linkage between sex and hemophilia 
in human beings (Sturtevant and Beadle, 
1939). Doubtless both types of linkage con- 
tribute to the picture obtained by crude 
tests of virus sensitivity. 

Whatever the nature of the linkage be- 
tween resistance of bacteria to different 
viruses, it is clear that it does not furnish 
any useful clues to natural relationships 
among viruses (Delbriick, 1946a). The link- 
age between T1 and T5 and a stronger one 
between T3 and T4 bring together pairs of 
viruses that are morphologically and anti- 
genically unrelated. On the other hand, bac- 
terial mutations leading to resistance to two 
or more viruses of the group containing T2, 
T4 and T6, which are certainly very closely 
related (Hershey, 1946a), are rarely found. 
The study of viral mutations leads to simi- 
lar conclusions. A mutant of T1 (Luria, 
1945b) is capable of lysing certain bacteria 
resistant to Ti and has a range of activities 
identical with that of TS. This illustrates a 
general rule: a single mutation, represent- 
ing some slight change in the structure of 
the virus, may lead to a new host-specificity 
Separating the virus from the group to 
which it belongs and bringing it into ap- 
parent relationship with other Viruses of 
different origin, This casual relation be- 
tween viruses with respect to host-specific- 


BACTERIAL VIRUSES: 


BACTERIOPHAGES 


ity may be made clear by analogy. The 
gamma globulins of the serum of the horse 
and the rabbit are generically far removed 
from each other and can easily be distin- 
guished by appropriate serologic tests. But 
if both happen to come from animals which 
have been immunized against the same an- 
tigen, and if they are tested only for their 
specific activity as antibodies, the errone- 
ous conclusion might be reached that they 
are identical proteins. 


VIRUS-BACTERIUM RELA- 
TIONSHIPS 


It is a prevalent but incorrect view that 
resistant cells fail to adsorb virus and that 
the attachment of virus to a bacterium is 
sufficient to set off a process resulting in 
lysis of the cell and liberation of newly 
formed virus. Owing to the selection of 
material for study, these are the virus- 
bacterium relationships with which one is 
most familiar, Some exceptional cases are 
instructive. In the first place, attachment 
of the virus to the cell involves some un- 
known reactions. In the simplest case, such 
as the attachment of T2 to E. coli B, fix- 
ation occurs equally well to living or dead 
bacteria. If the bacterium is dead, the ad- 
sorbed virus is inactivated. It is also inac- 
tivated by fragments of susceptible cells 
but not by those of resistant ones. T1, on the 
other hand, is not inactivated by such ma- 
terial, nor is it adsorbed to bacteria killed 
either by gentle heating or by brief exposure 
to dilute formaldehyde. It is clear that these 
two viruses attach to different substances in 
the bacterial cell and perhaps in different 
ways. The attachment of virus to a bacter- 
ium is further complicated by the need for 
co-factors in some cases. A high concentra- 
tion of univalent cations is required for the 
adsorption of the even-numbered members 
of the T system, but not for the other vi- 
ruses. A more interesting case (Anderson. 
1945b) is the need of tryptophane for the 
adsorption of T4 and T6. The significance of 
these requirements is not clear, but it ap- 
pears that T4 becomes infective as a result 
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of its direct combination with tryptophane 
(Anderson, 1946). 

Once attachment of virus to a living 
bacterium has occurred, the ensuing reac- 
tions depend on the bacterium, the virus, 
and environmental conditions. In certain 
instances nothing happens, and the virus 
disappears without having any detectable 
effect on the host. This is the case with a 
staphylococcal phage adsorbed to a resist- 
ant bacterial mutant (Henry and Henry, 
1946), and with T2 that has first been neu- 
tralized with antiserum and then adsorbed 
to sensitive /, coli (unpublished observa- 
tions of the authors). It appears that in 
these cases the growth of the virus is 
blocked at an early step subsequent to ad- 
sorption. In other cases, the bacterium is 
killed without liberation of new virus, T2 
inactivated by ultraviolet light retains its 
affinity for the bacterial cell, and the ad- 
sorption of a single particle to a bacterium 
is sufficient to interrupt the growth of the 
latter (Luria and Delbriick, 1942). A simi- 
lar relationship exists between native T2 
and a particular strain of E. communior 
(unpublished experiments of the writers). 
Likewise, certain mutants of sensitive 
E. coli are killed by T2 but do not sustain 
its growth (Luria, 1946), Bacteria may also 
be killed by certain viruses which are ad- 
sorbed but fail to grow in media lacking 
calcium (Andrewes and Elford, 1932); T5 
has this property. Calcium is probably nec- 
essary for an early step in viral growth, for 
if calcium is added at some time subsequent 
to the attachment of the virus, the ensuing 
latent period in virus growth is precisely 
the same as that when calcium is present 
at the time of adsorption (Mark Adams, 
private communication). These examples 
reveal a second step in viral growth sub- 
sequent to adsorption, which results in the 
death of the bacterial cell prior to lysis. 

More complex relationships between bac- 
terium and virus, which are not well under- 
stood, give rise to so-called lysogenic cul- 
tures. This term is used loosely to describe 
any association between bacteria and virus 


RELATIONSHIPS 153 


which permits both to persist in serial trans- 
plants. It is commonly found that a large 
proportion of bacterial cultures recently iso- 
lated from natural sources contain ‘virus 
which can be readily recovered from fil- 
trates by testing on suitable strains of 
sensitive bacteria. The carrier culture may 
show no signs of the infection, or it may be 
subject to unpredictable and patchy attacks 
of lysis. From such cultures one can often 
isolate virus-free bacterial clones which may 
be either sensitive or resistant to the virus 
and the virus itself may yield lines of dif- 
ferent activity toward the bacterial culture. 
It is easy to believe that lysogenic cultures 
of this description are simply unstable lines 
of bacteria mutating from resistance to sen- 
sitivity to a contaminating virus, which in 
turn mutates occasionally to a form capable 
of attacking all the bacteria in the culture. 
The known genetic properties of viruses and 
bacteria are sufficient to account for this 
type of lysogenesis. 

Less clear is the significance of stable 
virus-bacterium associations in which virus- 
free bacterial clones are not readily ob- 
tained. A lysogenic culture of B. mega- 
théerium, originally described by den Doo- 
ren de Jong (1931), has been studied by sev- 
eral workers (Gratia, 1936), who agree that 
isolated spores of this culture always yield 
virus-containing and that spores 
heated to a temperature sufficient to inacti- 
vate free virus continue to give rise to lyso- 
genic cultures. The importance of the lat- 
ter observation, which at first seemed to 
point to the bacterial origin of the virus, 
has been largely dissipated by the finding 
(Cowles, 1931; Adant, 1932) that virus de- 
liberately introduced into sporulating cul- 
tures becomes thermostable within the 
spores, How virus is transmitted from cell 
to cell in lysogenic cultures seemingly re- 
fractory to lysis remains to be clarified. It 
must be concluded, however, that the phe- 
nomenon of lysogenesis, frequently cited as 
evidence for the spontaneous intracellular 
origin of virus, can equally well be ex- 
plained as one type or another of associa- 


lines 


154 


tion between exogenous virus and incom- 
pletely susceptible bacterium. 

Some of the virus-bacterium relationships 
mentioned above, particularly the co-factor 
requirements, provide additional criteria for 
tracing relationships among viral types. 
Thus dependence of adsorption on univalent 
cations is common to members of the T2 
serologic group (Hershey, 1946a), although 
it is found also in a few other viruses. 
Similarly, citrate-sensitivity, i.e., depend- 
ence on calcium, is limited to two serologic 
groups (Burnet, 1933b). The requirement 
for tryptophane in T4 and T6, but not in 
T2, is clarified by the finding that T4 mu- 
tates to tryptophane independence (Del- 
briick, personal communication) and that 
T2 can acquire tryptophane dependence 
(Hershey, unpublished experiments), Evi- 
dently in these, as in several other cases. 
taxonomic relationships must be traced in 
terms of ability to undergo certain types of 
mutation, rather than through presence or 
absence of specified characters. It is for this 
reason that serologic identity, which is a 
highly stable and readily discriminated 
character, provides at present the best 
single taxonomic criterion. 


GROWTH OF VIRUSES 


Since its introduction by Ellis and Del- 
briick in 1939, the growth of bacterial Vi- 
ruses has been studied almost exclusively 
by the one-step growth experiment. This 
consists of mixing suitable amounts of bac- 
teria and virus under conditions which allow 
a known number of growing cells to become 
infected with a known number of viral par- 
ticles. A few minutes after preparing the 
mixture, a sample is diluted sufficiently in 
broth to prevent further infection of bac- 
teria by virus, and the infected bacteria are 
allowed to lyse. Samples from the diluted 
culture are withdrawn at frequent intervals 
and titrated for virus content. Data ob- 
tained in this way are used to construct 
a growth-curve. It must be realized, how- 
ever, that this curve shows not the actual 
multiplication of virus, which occurs within 
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the bacterial cells, but the liberation of 
virus from the cells undergoing lysis. The 
principal features of viral growth which can 
be measured in this way are the latent 
period which elapses before any of the bac- 
teria liberate virus, and the average burst 
size or the yield of virus per infected bac- 
terium (Delbriick, 1946b). 

Measured under specified conditions, the 
latent period of virus growth proves to be 
a characteristic of the virus which may have 
taxonomic value. Thus, T2, T4, and T6 
have latent periods of from 21 to 25 min. 
utes; T1, T3, and T7, 13 minutes; and TS, 
40 minutes (Delbriick, 1946a). The virus 
yields, on the other hand, vary between 
120 and 400 per bacterium for the different 
viruses that have been studied, and the 
observed differences do not seem to corre- 
late with any other property of the viruses. 
It is sufficiently remarkable, however, to 
observe a growth-process in which a three 
hundred-fold increase may occur in 13 min- 
utes, which corresponds to a generation 
time of about 1.5 minutes if the virus is 
imagined to grow geometrically, or of 2.6 
seconds if the growth is linear. 

The one-step growth experiment provides 
an opportunity to study the relation be- 
tween bacterial growth and metabolism, 
and growth of virus. In general, the growth 
of the virus is closely linked to that of the 
bacterial host. In bacteria taken from a cul. 
ture in its terminal phase of growth, the 
latent period of virus liberation is prolonged 
and yield of virus is reduced, as compared 
with cultures in the rapidly multiplying 
condition. The effect of temperature on the 
latent periods of bacterial and viral growth 
is identical (Delbriick, 1940), If bacterial 
growth is stopped by sulfanilamide (Wahl 
et al., 1946) or by s-methyl tryptophane 
(Cohen and Anderson, 1946b), presumably 
interfering with different specific metabolic 
processes, growth of virus stops also, The 
coupling of viral growth to that of the host 
cells is not absolute, however. If E. coli B 
is grown in broth, in a glucose-NH; me- 
dium, or in ammonium lactate, the bacterial 
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generation times are 19, 30, and 60 min- 
utes, respectively, while the latent period 
of virus growth remains unaffected (un. 
published experiments of R. A. C. Foster in 
Luria’s laboratory). Dissociation of bac- 
terial and viral growth has also been ob- 
served by Northrop (1939), who located a 
narrow range of pH near 5.6 which was 
bacteriostatic for B. megatherium but al- 
lowed a considerable increase of virus, 

Attempts have been made to connect viral 
growth with specific nutrient sources by 
transferring infected cells into solutions 
containing single metabolites (Spizizen, 
1943). So far, experiments of this type have 
shown that for viral growth nitrogen, phos- 
phorus, and oxidizable carbon must be 
available to the bacterium. These are, of 
course, the minimal requirements for bac- 
terial growth. The findings argue against 
the idea that virus is synthesized in the 
cell from precursors by reactions requiring 
little expenditure of energy (Krueger and 
Scribner, 1939). If such precursors exist, 
their amount in the cell must be very small. 
The same inference is to be drawn from 
tracer experiments. Cohen (personal com- 
munication) has found that radioactive 
phosphorus is incorporated into the virus 
from the external medium and does not 
come from previously assimilated material 
in the cells at the time of infection, 

The search for specific inhibitors as a 
means of identifying essential reactions, 
offers another method of approach to the 
problem of viral growth. One potential line 
of attack is genetic, directed toward the 
study of bacterial mutants which adsorb 
but do not regenerate the virus (Henry and 
Henry, 1946). Another line is biochemical, 
concerning itself with the action of sub- 
stances tolerated by bacteria but capable of 
blocking the growth of virus. One such sub- 
stance is an acridine derivative which, in 
concentrations insufficient to prevent bac- 
terial growth, prevents multiplication of the 
virus T2 (Fitzgerald and Lee, 1946). Ac- 
cording to Luria (personal communication), 
the step which is blocked occurs late during 
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the latent period, and may be concerned not 
with the growth of virus, but with some 
phase of bacterial lysis. 


INTERFERENCE PHENOMENON 


The interference with the growth of one 
virus by another has been described for 
plant, animal, and bacterial viruses. Only 
for the interaction between bacterial vi- 
ruses, however, is there detailed informa- 
tion. This has come from quantitative study 
of what happens when a single bacterial 
cell is infected with two viruses (Delbriick 
and Luria, 1942). The results may be sum- 
marized as follows: 

When two serologically unrelated viruses 
are simultaneously adsorbed to the same 
bacterium, only one of them is liberated 
when the cell is lysed. Even the originally 
infecting particles of the second type are 
lost. This mutual exclusion effect (Del- 
briick, 1945a) requires only a single particle 
of the excluding type, and the exclusion of 
the second type cannot be attributed to 
failure of adsorption. The mutual exclusion 
effect is not absolute. When T1 and TS are 
simultaneously adsorbed, about 4 per cent 
of the bacteria liberate both types of virus. 
With most virus pairs that have been tested, 
no mixed yielders are found, but the pos- 
sibility that one per cent or less of the 
bacteria liberate both viruses cannot be 
excluded, 

Which member of the virus pair will grow 
and which will be excluded, depends on the 
nature of the viruses, on chance, and on the 
interval of time between the adsorption of 
the first and the second virus of the pair 
(Delbriick, 1945a). T2 nearly always ex- 
cludes T1 or T7, but if Tl and T7 are 
simultaneously adsorbed, either one is 
equally likely to grow. If the attachment 
of the second virus of the pair follows that 
of first by several minutes, the first always 
excludes the second. The yield of the suc- 
cessful virus is often less in a mixed infec- 
tion than in a single infection. This depres- 
sor effect (Delbriick, 1945a) is less, the 
later the second virus reaches the cell. When 
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two viruses of the T2 group infect the same 
cell, very often both grow. Thus, if T2 and 
one of its mutants (Hershey, 1946a), or T2 
and T4, or T2 and T6 (Delbriick and 
Bailey, 1946) infect the same cells, 80 or 
90 per cent of the bacteria liberate both 
types; with the pair T4 and To, about 20 
per cent liberate both types. No other pairs 
of serologically related viruses have been 
tested. 

At present, there is no adequate theory 
of the mechanism of these viral interactions, 
although the quantitative data are yielding 
some definite clues. This question will be dis- 
cussed later, after describing another type 
of viral interaction which is probably sig- 
nificant for the proper interpretation of the 
interference phenomenon. The results ob- 
tained so far suggest that the outcome of a 
mixed viral infection is strongly influenced 
by the relatedness of the infecting viruses. 
Ii so, this provides a clue to the mechanism 
of interference, and also furnishes an addi- 
tional method for tracing taxonomic rela- 
tionships, The data are far too incomplete 
for useful generalization to be drawn. Men- 
tion should be made of the dictum of the 
plant pathologists, that interference occurs 
only between related virus pairs (cf. Mc- 
Kinney, 1941). This is clearly at variance 
with the data for the bacterial viruses, €Xx- 
cept insofar as both members of the pair 
must be able to infect the same kind of cell. 
Caution must be exercised in attempting to 
relate the findings with plant or animal 
viruses to the more precise data for the bac- 
terial viruses. In the former cases, one is 
probably dealing in part with mutual exclu- 
sion proper and in part with a much less 
specific competitive overgrowth of one viral 
type by another. These two types of inter- 
action are less easily distinguishable in 
plant or animal tissues than they are in 
homogeneous _ bacterial populations. It 
would be dangerous to emphasize super- 
ficial similarities or differences among these 
phenomena which are certainly complex 
and may be diverse in mechanism. 
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GENETIC VARIATION AND 
GENETIC ANALYSIS OF VIRUSES 


Knowledge of genetic mechanisms in bac- 
terial viruses is growing rapidly, owing 
partly to the application of rigorous genetic 
methods (Hershey, 1946b) and partly to 
the use of technics developed for the study 
of viral growth and interactions (Delbriick 
and Bailey, 1946). The known mutations, 
which form the raw materials of viral 
genetics, are of three kinds, namely, those 
affecting host-specificity, type of plaque, 
and specific co-factor requirements. 

Mutations affecting host specificity, 
called h-mutations, are easily observed in 
any bacterial virus (Luria, 1945a). If, for 
example, one plates out a portion of a lysate 
containing a billion particles of T1 in a 
Petri dish seeded with a suitable strain 
(B/1) of E. coli resistant to T1, a few 
clearings are likely to appear. The virus 
isolated from these clearings is not T1, for 
it is almost equally active on B/1 and on 
the original strain B, It can be shown that 
this virus stems from mutants arising spon- 
taneously during the growth of T1 (Luria, 
1945a). If one calls this mutant virus Tih, 
the original T1 may be called Tih-+, in con- 
formity with the usual genetic convention. 
The letter h refers to the host range char- 
acter, or to a genetic locus determining host 
range, and the plus sign signifies the wild- 
type character, or its genetic basis. In gen- 
eral, there are several different h-mutations 
which recur with characteristic frequency 
in a given viral stock, and the mutants 
themselves may undergo a second succes- 
sive mutation or may revert to the original 
type (Hershey, 1946b), Apart from their 
activity on the new host, the h-mutants do 
not differ greatly from the parent virus. No 
serologic differences have been found, The 
mutants may or may not show a decreased 
infectivity toward the original host. In at 
least two stocks, namely T2 and T3, the 
h-mutants are less stable to heat or storage 
than are the parent viruses. 
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Mutations affecting type of plaque have 
been found only among the even-numbered 
viruses of the T system (Hershey, 1946a). 
There are a number of recognizably differ- 
ent mutations affecting the plaques of T2, 
These correspond to quantitatively different 
degrees of a property, peculiar to the even- 
numbered viruses, known as lysis-inhibition 
(Doermann, 1946), The wild types of the 
lysis-inhibiting viruses form small plaques 
surrounded by a ring of partial lysis. The 
noninhibiting mutants form larger plaques 
with a sharp border. These have been 
called r, or rapidly-lysing, mutants. An in- 
termediate mutant type has been called w, 
or weak inhibitor (Hershey, 1946b), With 
reference to these two mutations, the wild 
type would be called w+r+. Like the 
h-mutations, but independently of them, the 
plaque-type mutations occur only during 
the growth of the virus. In T2, an r-mutant 
arises about once per ten thousand dupli- 
cations of the virus, and the w-mutation 
occurs with similar frequency. Both of 
these mutants are indistinguishable from 
the parent type except for the characteris- 
tics mentioned. Both are relatively stable 
genetically, but mutation back to wild type 
can be demonstrated by serial passage 
through successive bacterial cultures, dur- 
ing which the wild type replaces the mutant 
types. The selective advantage shown by 
the wild type during competitive growth 
with its mutants explains the predominance 
of the lysis-inhibiting type in nature. 

The properties described above permit a 
limited genetic analysis (Hershey, 1946b) 
which is summarized in Figure 26. The 
arrows indicate mutations which have been 
demonstrated experimentally. There are 
four genotypes, indicated by appropriate 
symbols in the figure, but only three pheno- 
types, as shown in parentheses. The mutant 
wr differs from w+r in having arisen 
through two successive mutations, The two 
can be told apart only by the fact that wr 
is replaced by the phenotype w, while 
w+r is replaced by wild type, during serial 
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passage, The existence of these four geno- 
types, together with the failure to observe 
single step mutations corresponding to the 
diagonals of Figure 26, may be regarded as 
sufficient proof for the independence of the 
genetic loci r and w. 

Mutations require- 
ments are just beginning to be studied. Del- 
briick (personal communication) has found 
mutations concerned with the requirement 
of tryptophane for adsorption of T4 to 
bacteria, 


affecting co-factor 


wr (r) 
Fic. 26. Mutational pattern 


of the bacterial virus 2 with re- 
spect to lysis-inhibition. 
has 


A series. of findings 


opened another approach to the problems 


unexpected 


of viral genetics. The observation that a 
wild type and an r-mutant of the same virus 
can grow in the same bacterium (Llershey, 
1946a) quickly led to the finding that the 
same is true of pairs of closely related vi- 
ruses like T2 and T4, and to the more im 
portant discovery that when a single bac- 
terium is infected with a pair like T2r+ and 
T4r, one finds among the emerging viral 
progeny, types different from either of the 
infecting viruses (Delbriick and Bailey, 
1946). In the example cited, the new types 
are T2r and T4r+. One also finds new host- 
range types following mixed infections of 
similar kind (Hershey, 1946b). Experi 
ments of Hershey and Rotman (1948) seem 
to show that these viral transformations in 
bacteria with a mixed infection are brought 
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about by exchange of genes between two 
viruses growing in the same cell. Such gen- 
etic recombination evidently provides a 
mechanism for the origin of new viral types 
in nature. 

It is clear that the genetic structure, of 
certain viruses at least, is far more com- 
plex than suspected heretofore. Not only 
does the particle of T2 contain a number of 
genes capable of independent mutation but 
these genes are also evidently able to sepa- 
rate one from another and to form new 
combinations during their reproductive so- 
journ in the cell. However ignorant one 
remains in the possession of these facts, one 
cannot doubt that they bring scientists 
closer to an understanding of how a virus 
particle is put together and how it grows. 

Genetic experiments have to be taken 
into account in seeking an explanation for 
the interference phenomenon. The finding 
that closely related virus pairs may grow 
together freely in a single cell forces one 
to abandon the interpretations first pro- 
posed (Delbriick and Luria, 1942; Luria, 
Delbriick, and Anderson, 1943). One is 
thrown back upon the idea of competitive 
growth. Since the initial rate of growth of 
a particular virus in the cell is likely to be 
proportional to the amount of that virus 
present, competition for substrate is suffi- 
cient to account for the facts that one virus 
nearly always outgrows the other and that 
chance, i.e., which one happens to get 
started first, may determine which member 
of the pair is successful. To explain the 
complete exclusion of the unsuccessful 
virus, special mechanisms have to be as- 
sumed, One might imagine that the success- 
ful virus swamps the synthetic mechanisms 
of the cell, and that under these conditions 
the less favored virus, after having made an 
abortive attempt to grow, decays, A notion 
of this decay derives from the model pro- 
vided by the phenomenon of genetic ex- 
change. If interchange of parts should occur 
between two unrelated viruses, one would 
expect most of the hybrid products not to 
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be viable, in which case only the virus pres- 
ent in numerical excess wou!d survive. This 
idea is in accord with the mutual exclusion 
and depressor effects of mixed infection. It 
is not the only idea which can be fitted to 
the meager facts available, however. Infor- 
mation about the state of the intracellular 
virus during the latent period in viral 
growth is essential to any satisfactory in- 
terpretation_ of the phenomenon of growth 
and interference. 


RADIOLOGIC ANALYSIS 


The effects of radiation on _ bacterial 
viruses provide information about their 
structure (Lea, 1946; Latarjet, 1946). One 
application is suggested by the fact that 
the wave-length dependence of the absorp- 
tion of light in the visible and ultraviolet 
regions is characteristic of particular types 
of chemical structure. Nucleic acids, for in- 
stance, have an absorption spectrum dif- 
ferent from that of proteins. Thus, one can 
hope to learn something about the vitai 
structures of a virus by studying the de- 
pendence on wave length of its inactivation 
by ultraviolet light. There are certain limi- 
tations to this analysis, since it is possible 
that one wave length may be more effective 
than another, not because it is absorbed by 
a unique vital material, but because the 
photons of different energy vary in effi- 
ciency of photochemical effect. However, 
viruses do show different and characteristic 
inactivation spectra. The bacterial viruses 
which have been tested, including T1 and 
T2 (Zelle, personal communication), yield 
an inactivation spectrum with a maximum 
near 2650 AU, similar to the absorption 
spectrum of nucleic acid and to inactivation 
spectra for bacteria, fungi, yeasts, influenza 
virus, and vaccine virus. The inactivation 
spectra for tobacco mosaic and chicken 
tumor viruses are different, with maxima 
below 2400 AU (Hollaender and Oliphant, 
1944), 

A second application consists in the meas- 
urement of the sensitive volume of the 
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particle, for which X-rays or other ionizing 
radiations are usually employed. Under 
suitable conditions, nearly every ionization 
produced within a viral particle leads to its 
inactivation (Luria and Exner, 1941). One 
can thus estimate the size, or at any rate a 
minimal size, of a virus by examining the 
effect of irradiation on infectivity alone. 
Furthermore, by combining this and other 
methods of measuring size, one can estimate 
the proportion of radiosensitive to total ma- 
terial in a viral particle. In this way it has 
been found that the radiosensitive material 
occupies the entire volume of the smallest 
bacterial viruses, while in larger ones an 
appreciable proportion of ionizations fail to 
cause inactivation (Latarjet, 1946). This 
may be interpreted as evidence for the 
existence of differentiated genetic struc- 
tures in the large viruses. 

Recent experiments of Luria (1947) sup- 
plement direct genetical experiments in 4 
novel way and promise to yield information 
which could perhaps be arrived at by no 
other means. It had been found earlier that 
particles of [2 inactivated by ultraviolet 
light retain their ability to attach them- 
selves to bacteria and that a single particle 
leads to the death of the bacterium to which 
it is adsorbed, though no growth of virus 
can be detected. When two or more nonin- 
fectious particles attach themselves to the 
same bacterial cell, however, growth of 
virus and lysis of the cell proceed in typical 
fashion. The proportion of such multi- 
infected cells which liberate virus is a func- 
tion of the dose of irradiation sustained by 
the virus. This relationship can be ration- 
alized in the following way. One assumes 
that a viral particle is inactivated by irra- 
diation when one of its genes has suffered a 
lethal photochemical reaction. When two 
particles of irradiated virus are attached to 
the same cell, their two sets of genes some- 
how function together, and virus growth 
fails only if any one gene happens to have 
been inactivated in both particles. The 
likelihood of this is a function of the total 
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number of genes, which can therefore be 
calculated from the experimental data, By 
this calculation the minimal number of 
genes in T2 appears to be about 20. 


REACTION OF BACTERIAL 
VIRUSES WITH ANTIBODY 
AND COMPLEMENT 
The neutralization of bacterial viruses by 
antiserum is a direct effect of the deposi- 
tion of antibody on the surface of the par- 
ticle, as shown by the fact that removal of 
the antibody by digestion with papain re- 
stores infectivity (IMalmanson and bron- 
fenbrenner, 1943). It might be supposed 
that the antibody interferes with the attach- 
ment of the virus to the bacterial cell. This 
may be the case with some viruses, e.g., 11 
(unpublished observations), but not with 
all. With C16, a virus related to T2, it has 
been shown by an indirect method (Burnet, 
Keogh and Lush, 1937) that specific neu- 
tralization does not prevent the adsorption 
of virus to bacteria. With T2 itself, it can 
be shown directly and quantitatively that 
the neutralized virus is adsorbed just as 
readily and as specifically as the active 
virus. In these cases, therefore, antibody 
neutralizes the virus by interfering with 
some step in its growth subsequent to at- 

tachment to the bacterial cell. 

The combination of antibody with virus 
is irreversible, in the sense that neutralized 
mixtures, diluted to a concentration at 
which the antibody they contain would 
have no effect unless combined with the 
virus, remain indefinitely 
(Hershey, 1943). With the virus sufficiently 
dilute so that there is no agglutination of 
the viral particles and with antibody in 
sufficient excess, the proportionate inacti- 


noninfective 


vation of virus in a given interval of time is 
independent of the initial viral concentra- 
tion. This fact (Burnet, Keogh and Lush, 
1937), usually spoken of as the percentage 
law (Andrewes and Elford, 1933), is a nec- 
essary consequence of the physical condi- 
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tions stated in any irreversible bimolecular 
reaction, 

Sufficiently large amounts of virus adsorb 
all neutralizing antibody from antiviral 
serum, If the concentration of virus exceeds 
ten billion particles per cc., specific precipi- 
tation of the large viruses occurs (Burnet, 
Keogh and Lush, 1937). The precipitate can 
be analyzed for virus and for antibody 
(Hersey, Kalmanson and Bronfenbrenner. 
1943). Data for T2 show that precipitation 
occurs throughout the range of from about 
40 to 5,000 molecules of antibody combined 
per viral particle and that only about 90 
molecules combined per particle are re- 
quired to neutralize infectivity. The large 
antibody-combining capacity of the virus is 
compatible with its known size. The rela- 
tively small amount of surface-coating re- 
quired to neutralize infectivity is consistent 
with the finding previously mentioned, that 
neutralized T2 is specifically adsorbed to 
bacteria. Two minutes after a_ bacterial 
virus is attached to its host, the addition 
of antiserum fails to neutralize the virus. 
IXvery infected cell treated with antiviral 
antibody during the latent period of viral 
growth is lysed at the expected time and 
liberates its normal yield of virus (Del- 
briick, 1945b). 

Complement may either accelerate or re- 
tard the neutralization of bacterial viruses 
by antibody, depending on the virus and on 
the conditions of test. With T1 particularly, 
the presence of complement largely prevents 
neutralization by antibody. On the other 
hand, particularly in the case of T2, if the 
virus is first sensitized lightly with anti- 
body, the subsequent exposure to comple- 
ment causes considerable neutralization. 
Like the neutralization by antibody alone. 
the action of complement is largely reversed 
by treatment with papain (Hershey and 
Bronfenbrenner, 1947). 

The facts listed above bring out two 
points. First, different bacterial viruses 
show different behavior in their reactions 
with antibody. Since this is so, it is evidently 
dangerous to generalize about immune re- 
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actions of bacterial viruses or about their 
similarities to or differences from other 
viruses. Second, although infectivity meas- 
urements introduce imponderable biologic 
factors into the study of the reaction be- 
tween antibody and antigen, it is neverthe- 
less true that attention paid to the purely 
physical characteristics of the reaction helps 
in understanding infection and immunity. 


LYSIS OF BACTERIA 


The lysis of EF. coli by bacterial viruses 
is particularly mysterious because no known 
enzyme dissolves these bacteria, nor do they 
autolyse readily. Bacteria that have been 
heavily irradiated by ultraviolet light are 
lysed either by lysozyme from egg white or 
by a lysin separated from purified virus T2 
(Anderson, 1945a). However, since irradi- 
ated bacteria lyse spontaneously at a suit- 
able pH, and heat-killed bacteria are re- 
sistant to the viral lysin, the enzymatic 
nature of the latter is doubtful. 

It has been found that lysozyme liberates 
virus adsorbed to killed B megatherium 
(Pirie, 1940). A similar chemical action 
must occur during lysis of bacteria by virus, 
but it remains to be determined whether the 
necessary enzymes are supplied by the virus 
or by the cell. 

A hypothesis concerning the mechanism of 
lysis has been proposed by Bronfenbrenner 
(1928b). It is supported by the following 
observations. Bacteria undergoing lysis may 
show marked swelling (Hetler and Bron- 
fenbrenner, 1932; cf. Delbriick, 1940), and 
bacterial growth and metabolism are some- 
times increased in the presence of virus 
(Crowe and Coke, 1938; cf. Cohen and An- 
derson, 1946a), High concentrations of agar 
prevent the swelling of bacteria and inhibit 
lysis under certain conditions. Addition of 
urea to agar offsets these effects (Bronfen- 
brenner and Hetler, 1933). It is supposed, 
therefore, that increased bacterial metab- 
olism following viral infection is accom- 
panied by hydrolytic changes (Hetler and 
Bronfenbrenner, 1928) increasing the intra- 
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cellular osmotic pressure. Swelling due to 
the entry of water eventually bursts the cell 
membrane. High concentrations of agar 
minimize the entry of water, and urea some- 
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how aids it. This hypothesis attributes the 
lysis to an indirect effect of enzymatic ac- 
tion, in which the role of the virus is solely 
that of a stimulus to autolytic reactions. 
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Viral Encephalitides 


Encephalitis means inflammation of the 
brain. When the brain is inflamed, the spinal 
cord also is usually involved either pri- 
marily or secondarily; therefore, the word 
encephalomyelitis is often employed instead 
of encephalitis. These designations, based 
on location of pathologic changes, are in 
contradistinction to the words polioencepha- 
litis which denotes that the gray matter of 
the brain is essentially involved, poliomye- 
litis which indicates that the principal 
lesions are in the gray matter of the cord, 
and leukoencephalitis which points to the 
fact that the cerebral white matter is the 
tissue most affected. 

Encephalitis may be caused by physical 
means, chemical substances, and infective 
agents or their toxins. The infective agents 
may be protozoa, fungi, bacteria, spiro- 
chetes, rickettsiae, or viruses; when the 
last mentioned agents are the incitants, the 
term viral encephalitides is applied to the 
diseases induced and the viruses causing 
them are referred to as being neurotropic. 
A neurotropic virus is an active agent which 
attacks nervous tissue, but it may also affect 
other tissues. There are degrees of neuro- 
tropism, so that a distinction is made be- 
tween highly neurotropic viruses, such as 
those of poliomyelitis and rabies, and ordi- 
nary neurotropic viruses, for example, those 
causing equine and Japanese B encephalitis. 
Highly neurotropic viruses are found in the 
central nervous system (CNS) and not at 
all or with difficulty in other tissues, blood, 
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secretions, or excretions, except for that of 
poliomyelitis which can readily be found in 


the feces. Moreover, the isolation of a 
highly neurotropic virus from nonneural 
materials, e.g., the saliva in rabies and 


pharyngeal secretions, feces, or lymphatic 
glands in poliomyelitis, does not necessarily 
indicate that such an agent multiplies else- 
where than in nervous structures. 

Levaditi (1929) named the then known 
encephalomyelitic viruses ectodermic (ecto- 
dermoses) neurotropes, From this view- 
point, now only of historical interest, such 
viruses showed an elective affinity for the 
tissues derived from the ectoderm (cutane- 
mucous or corneal and 
for derived from 
ectoderm (the central 
(Levaditi and Voet, 1935). These viruses, 
however, attack cells of other embryonic 
origins and the classification is, therefore, 
not acceptable at the present time, As the 
viral encephalitides became better known, 


membranes ) 
the 
nervous 


ous, 
those invaginated 


system ) 


certain ones were classified on the basis of 
common characteristics, and were desig- 
nated as summer encephalitides, endemic or 
epidemic virus infections of CNS, and, 
finally, arthropod-borne virus encephalitides, 

To show how the subject of viral en- 
cephalitides has developed within the past 
few years, one need refer only to a review 
of viruses written in 1928 by Rivers, The 
various human encephalitides then known, 
with the exception of rabies and _polio- 


myelitis, were listed as (1) von Economo’s 
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(lethargic) ; (2) following vaccination (jen- 
nerian prophylaxis); (3) Japanese 1924; 
(4) Koritschoner; and (5) Australian X. 
At that time, from none of these diseases 
had a virus been recovered and definitely 
proved to be the causal agent. Eight years 
later the virus of Japanese encephalitis had 
been found; the Koritschoner disease had 
been shown to be identical with rabies ; and 
now the Australian X malady is assumed 
to be Japanese B encephalitis. From differ- 
ent parts of the world, many epidemic viral 
encephalitides have been reported in the 
decade and a half since 1930. All the human 
encephalitides are listed below with dates 
referring to the year of the first reported 
epidemic or isolation of the virus. When 
two dates are given, the second refers to the 
year in which the virus was first isolated. 


Poliomyelitis (1840, 1909), described in 
another chapter 

Von Economo’s encephalitis (1915), prob- 
ably caused by a virus 

Western equine encephalitis (1930) 

Eastern equine encephalitis (1933) 

St. Louis encephalitis (1933) 

Japanese B encephalitis (1924, 1936) 

Russian Far East, tick-borne or spring- 
summer encephalitis (1937) 

Venezuelan equine encephalitis (1938) 

Acute hemorrhagic meningoencephalitis 
(1881?, 1944) and acute disseminated 
encephalomyelitis (1906, 1946); not as 
yet sufficiently studied with respect to 
viral etiology for definite classification. 


In addition to the various epidemic en- 
cephalitides just mentioned, there are 
others that are nonepidemic; the dates 
below refer to the year of isolation of the 
virus. 

Lymphocytic choriomeningitis (1934) 

Pseudo-lymphocytic choriomeningitis 

(1939) 

Swineherd’s disease (1936) 

Louping-ill (1930) 

Encephalomyocarditis (1945). (Human 

infection with this virus not as yet 
sufficiently studied, ) 
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Below are listed some newly discovered 


viruses which may play a significant role 


in human encephalitis, because they are 
neurotropic in laboratory animals and anti- 
bodies against them have been found in the 
blood of man; the first two viruses men- 
tioned have been recovered from human 
blood, the others only from mosquitoes. 


West Nile (1940) 

Bwamba Fever (1941) 

Semliki forest (1944) 

Bunyamwera (1946) 
Hammon-Reeves, California (1945) 
Ilhéus encephalitis (1946). 


To make the list of nonepidemic viral en- 
cephalitides more nearly complete, those of 
lower animals which are conveyed to man 
by bites should be mentioned. 


Rabies (Pasteur et al., 1881), described 
in another chapter 
Sabin’s B virus of monkeys (1934). 


Nonepidemic encephalitis is induced at 
times by viruses, ordinarily not encephali- 
togenic, which cause the following familiar 
diseases. 


Herpes simplex 

Lymphogranuloma venereum 

Mumps 

Measles 

Infectious mononucleosis (probably 
caused by a virus). 


Finally, many cases of human encepha- 
litis, suspiciously like an infectious disease. 
occur throughout the world; attempts to 
isolate a virus from these have hitherto 
failed. Therefore, one may predict that 
other encephalitic viruses may be disclosed 
from time to time, 

There is also an important group of 
human encephalitides, the so-called post- 
infection or demyelinating encephalitides, 
which occasionally arise a short time after 
vaccination against smallpox and rabies and 
after clinically apparent infections caused 
by different sorts of nonencephalitogenic 
viruses, In these conditions, a viral etiology 
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has not been established: in fact. their 
causation still remains obscure, In recent 
times, cases have been more frequently re- 
ported and occur after several viral infec- 
tions, for example, measles, influenza. 
mumps, varicella, variola, infectious hep- 
atitis, dengue and yellow fever. 

The clinical picture presented by an en- 
cephalitis depends on the areas of the CNS 
damaged instead of upon the kind of virus 
involved. While a definite clinical picture 
may be found during an epidemic, one may 
encounter great difficulty, from the clinical 
picture alone, in diagnosing the kind of en- 
cephalitic virus responsible for the out- 
break. Workers in the laboratory are, there- 
fore, called upon to identify the causal 
agent. 

The general pathologic picture of the viral 
encephalitides depends on the fact that 
viruses are obligate cellular parasites and 
that the first evidence of injury due to their 
presence appears in susceptible cells. Nerve 
cells or neurons are the most important ele- 
ments in the CNS and are susceptible to 
the action of many viruses. Some viruses 
attack not only neurons but cells of the sup- 
porting tissues also. Reaction of susceptible 
cells to viruses is evidenced by their de- 
generation or death, Injury and death of 
susceptible cells are followed by an inflam- 
matory reaction; one finds neuronophagia, 
cellular infiltration about the blood vessels, 
proliferation of glial cells, infiltration of 
polymorphonuclear and mononuclear cells 
into the meninges and nervous tissues, and 
areas of hemorrhage and necrosis in the 
ground substance of the gray or white mat- 
ter. Variations in the above picture that 
may be observed in different kinds of en- 
cephalitis depend on the fact that a certain 
sort of lesion may be more prominent in one 
type of encephalitis than in another and 
that similar pathologic lesions may have 
different localizations in the different en- 
cephalitides. In any event, it is impossible 
or very difficult, from a pathologic exami- 
nation of the central nervous tissues alone, 
to make a definite diagnosis of a particular 


ECONOMO’S 


DISEASE 165 


type of encephalitis in individual patients 
(Fig. 27; Fig. 28, top, right and left; bot- 
tom, left). 


VON ECONOMO’S DISEASE 
(Synonyms: Encephalitis lethargica ; type 
A encephalitis; epidemic encephalitis : 
sleepy or sleeping sickness) 


INTRODUCTION 


Von Economo’s disease is a meningo-en- 
cephalomyelitis which is probably infec- 
tious and characterized by a wide variety 
of signs and symptoms in different indi- 
viduals and in the same person at different 
stages of the malady; often associated with 
ophthalmoplegia and residual parkinsonism, 
and occurring chiefly in spring and winter 
months. None of the names given to this 
malady is satisfactory, Certainly many of 
the patients are far from being sleepy and 
now it is obvious that several encephalitic 
viruses cause epidemics, Since it was the 
first of the epidemic encephalitides to be 
recognized, it is the first to be described 
here, even though the causal agent has not 
been discovered. 


History 


What happened before 1915, according to 
Flexner (1935), “is lost in that haze of the 
history of the diseases of the nervous sys- 
tem which up to a hundred years ago con- 
sisted of a medley of ‘hardenings and soft- 
enings.’” It may well be that the “sleeping 
sickness” associated with the influenza epi- 
demic of 1712 and ‘“nona” of about 60 years 
ago may have been von Economo’s disease, 
but the first modern cases were probably 
observed in 1915 in Rumania (Urechia, 
1921). Many patients were noted in France 
in 1916 (Cruchet et al., 1917) and the first 
elaborate work on the disease as it occurred 
in Vienna in 1917 was by von Economo 
(1917). It appeared in 1918 in the United 
States in New York City, Iowa and West 
Virginia (Neal et al., 1942). Epidemics were 
reported from different parts of the world 
until 1926 when they apparently ceased 
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and have not been heard of to the present 
time, although now and again a single case 
is seen; the diagnoses of such cases are 
always under suspicion since they are made 
on clinical findings alone. Why epidemics 
have ceased is a mystery. No specific virus 
has as yet been recovered. Earlier reports 
indicated that there might be a connection 
between the outbreaks of encephalitis and 
those of influenza; however, no direct rela- 
tionship between the two maladies has been 
proved. 


CLINICAL PICTURE 


The precise incubation period is un- 
known, but it is assumed to be from 4 to 
15 days. The clinical picture as described 
follows that given by Barker and revised 
by Rivers (1943). There is a marked di- 
versity of signs and symptoms during the 
course of the affection so that any type of 
neurologic syndrome can be simulated, In 
general the symptom-complex is divided 
into three stages; the first exhibits many 
types, but two are well defined and com- 
mon: (1) a somnolent-ophthalmoplegic syn- 
drome, and (2) an irritative, hyperkinetic 
complex, either choreiform or myoclonic. 
The somnolent-ophthalmoplegic type is 
characterized by a brief initial stage with 
fever, meningeal irritation, drowsiness, and 
ocular paralyses. Other symptoms may de- 
velop, such as rigidity, paralyses of other 
members and psychotic disturbances. The 
hyperkinetic type is initiated by fever and 
excitement which is followed by choreiform 
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movements or myoclonic contractions. 
Other types seen at times during the first 
stage are: the psychotic, with patients ex- 
hibiting a variety of signs ranging from 
those found in simple mental impairment 
to those seen in conditions simulating gen- 
eral paresis or schizophrenia; the polio- 
myelitic type with lower motor neuron 
paralyses; the type with involvement of 
posterior root ganglia; tabetic type with 
ataxia; an epileptomaniacal type; catalep- 
tic type; amyostatic-akinetic form (apathy, 
rigidity, akinesia, amimia, slow motion and 
tremor); and finally, the fulminating type 
from which the patient succumbs within a 
few hours after the onset. 

Of importance is the fact that during an 
epidemic a large number of patients may 
show aberrant forms and inapparent dis- 
ease. In the latter case, the first suspicion 
of an encounter with the malady is the 
appearance of definite parkinsonism, 

The second stage (pseudopsychoneurotic ) 
may persist for months or years and is char- 
acterized by subjective symptoms such as 
headache, insomnia, irritability, dizziness, 
and fatigue, Often objective signs of CNS 
lesions may be lacking. 

The third stage (chronic) at times imme- 
diately follows the first and consists of 
motor disturbances of the type seen in 
parkinsonism, There also may be vegetative 
disturbances (sialorrhea, dacryorrhea and 
seborrhea) or psychotic signs. 

During all stages of the disease, the blood 
count is of little diagnostic value, The cere- 








Fic. 27. Pictures in this figure represent the essential lesions found in human 
CNS in Japanese B encephalitis and are characteristic o| the pathologic picture 
seen in the viral encephalitides in general. All are stained with hematoxylin-eosin. 

(Top, left) Lymphocytic infiltration of the cerebral meninges. x80. 

(Top, right) Perivascular infiltration. x280, | an - | 

(Center, left) Cortical neuronal disintegration, exhibiting lymphocytic, poly- 
morphonuclear and microglial cell reaction. X280. he 

(Center, right) Glial focus, lymphocytic cell infiltration and degeneration 


of neurons. x80. 


(Bottom, left) Multiple acellular plaques of necrosis in cortex. x80. 


(Bottom, right) Complete destruction a: 
H. M., 1946, The pathology of Japanese B encephalitis. 


Pathology, 22, 965-991.) 


of Purkinje cells. x68. (Zimmerman, 
American Journal of 
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brospinal fluid is usually clear and shows 
pleocytosis (lymphocytosis), normal or 
slightly increased amounts of sugar, and 
slight increase in protein, It should be em- 
phasized that the fluid is often completely 
normal, 
PATHOLOGIC PICTURE 

Macroscopically, the CNS may show 
hyperemic areas in the meninges and hyper- 
emia accompanied by small hemorrhages in 
the basal ganglia, midbrain and pons. 
Microscopically, the lesions of von L[con- 
omo’s are as a rule slower in 
developing and are of a more chronic, pro- 
ductive type than are those of the estab- 
lished viral encephalitides. They are usually 
found in the gray matter, particularly in 
the mesencephalon and diencephalon (von 
Economo, 1917), and are (a) degenerative 
and (b) inflammatory and infiltrative. The 
former are revealed by degeneration and 
necrosis of neurons associated with neuro- 
nophagia (Fig. 28, top, right), the latter 
are evidenced by perivascular cuffings, focal 
glial cell proliferation and lymphocytic in- 
filtrations, especially in the gray matter. 
The perivascular reaction consists of accu- 
mulation of small and large mononuclear 
cells and plasma cells in the sheaths of the 
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vessels and in the perivascular spaces. 
Hemorrhages may be seen in limited areas 
of the cerebral cortex, basal ganglia, mid- 
brain and pons. Demyelination is not prom- 
inent, nor are lesions in the spinal cord 
marked. 
i T1OLOGY 

The cause of the malady has not been 
discovered even though its general aspect 
with that of a viral infection. 
Levaditi (1929) proposed herpes simplex 


conforms 


virus as the causal agent, This virus occa- 
sionally induces encephalitis in man but 
such an distinct 
v. infra) from von Economo’s disease. 


encephalitis is quite 


DIAGNOSIS 
There are no laboratory tests available 
at present for specific diagnosis; the dis- 
ease is recognized on clinical or pathologic 
grounds alone and for that reason diagnoses 
are not always accurate, 


‘TREATMENT 
No specific treatment is available. 
EPIDEMIOLOGY 


The disease has been widespread through- 


out the world. It has a definite seasonal 


Fic. 28. All pictures, except top right, were obtained from the collection of 
Dr. T. M. Rivers, Director, Hospital of The Rockefeller Institute; top left with 
permission of the Journal of Experimental Medicine. Center and bottom rows 


photographed by J. B. Haulenbeek. 


(Top, left) Lymphocytic infiltration of the choroid plexus in a monkey having 
experimental lymphocyuc choriomeningitis. H. and E, stain, x207. 
(Top, right) Neuronophagia from a case of von Economo’s disease. H. and E. 


stain, 2575. 


(Center, left) Perivascular 
Weigert’s stain. x54. 
(Center, right) 


Weigert’s stain. x54. 


demyelination in 


The center frames should be compared with Figure 


postvaccinal encephalitis. 


Perivascular demyelination in postmeasles encephalitis. 
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(bottom, left) in which the demyelination is not perivascular. — 7 
(Bottom, left) Engorged vessel of the brain showing perivascular culling 
limited to the Virchow-Robin space ; irom a case of St. Louis encephalitis. H. and 


E stain. x270. 


(Bottom, right) Infiltration around a cerebral vessel, 
vaccinal encephalitis. To be compared with frame to left 


from a case of post- 
and to be noted is 


the spreading disposition of the perivascular infiltrating cells, not limited to the 
Virchow-Robin space. The cells consist of monocytes, lymphocytes and altered 
phagocytic glial cells. H. and E, stain, x270. 
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incidence, occurring chiefly in winter and 
early spring months. Thus, its spread is 
probably not dependent on insects. It has 
been suggested that the malady is spread 
by contact or droplet infection. People of 
all ages may be attacked, but most patients 
are under 40 years of age; 25 per cent of 
cases occur in people from 10 to 20 years 
old. The incidence is slightly higher in 
males than in females. The average mortal- 
ity rate is 30 per cent. Residual symptoms 
occur in 20 per cent of patients. At present 
no one knows how to prevent the spread of 
the disease in a population, 


ST. LOUIS ENCEPHALITIS 


(Synonyms: American encephalitis used 
by Japanese and Europeans; S. L. E. 
as abbreviation) 


INTRODUCTION 


St. Louis encephalitis is a meningo-en- 
cephalomyelitis, endemic and epidemic in 
central and western United States, having 
a varied symptomatology, prevailing in the 
summer, and caused by a specific virus. The 
disease differs in many respects from von 
Economo’s encephalitis, but is similar in 
certain respects to the western type of 
equine encephalitis and to Japanese B en- 
cephalitis, two of the so-called summer 
encephalitides, 


History 


In the summer of 1932 an epidemic of 
encephalitis, which was first regarded as 
von Economo’s disease, occurred in Paris, 
Illinois. During the following summer a 
similar epidemic occurred in and around 
St. Louis and Kansas City, Missouri; 1,130 
cases were reported in St. Louis County. 
The disease was then believed to be a 
nosologic entity different from von Econ- 
omo’s encephalitis. Muckenfuss, Armstrong 
and McCordock (1933) by inoculation of 
infected human brain tissue into monkeys, 
recovered the causal virus. Webster and 
Fite (1933) obtained similar results by 
using albino mice as experimental hosts, 
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‘The malady appeared again in St. Louis in 


1937; thereafter only small outbreaks or 
sporadic cases have been encountered. 


CLINICAL PICTURE 


After an incubation period, estimated to 
range from 4 to 21 days, the disease de- 
velops and presents a clinical picture some- 
what different from that of von Economo’s 
encephalitis. The picture presented by per- 
sons attacked during the epidemic of 1933 
has been described by Hempelmann, revised 
by Rivers (1943), as follows: 

Group One. Individuals in this group 
showed an abrupt onset of illness with 
fever, gastro-intestinal disturbances, head- 
ache, vertigo, nuchal rigidity, Kernig’s sign, 
lethargy, ataxia, difficulty with speech, 
mental confusion, and tremor, Paralyses 
were not common, and when they occurred 
they were of the spastic type; ocular mus- 
cles were, as a rule, spared. 

Group Two. In this group, patients 
showed from 1 to 4 days prodromata of 
headache, malaise, abdominal and muscular 
pains, chills and fever, sore throat and con- 
junctivitis with photophobia. Following 
this, the encephalitic syndrome described 
under Group One developed. 

Group Three included the mild and 
abortive cases with headache and_ fever 
which might have been missed except for 
abnormalities in the cerebrospinal fluid, 

Hammon (1943b) described the clinical 
syndrome in recent small epidemics and in 
sporadic cases in accordance with its occur- 
rence in infants and in children and adults ; 
he further subdivided the cases into mild 
and severe types. In infants the onset is 
sudden with rapidly developing fever, 105- 
106° F. or higher, and neurologic disturb- 
ances, especially those involving the motor 
systems. The disease may be fulminating 
and may end in death from 2 to 4 days 
after onset. Not infrequently an infant re- 
covers within 5 or 7 days; 10 to 40 per cent 
under 6 months of age in certain outbreaks 
show signs of permanent injury to the CNS 
in the form of mental retardation, hydro- 
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cephalus, epileptiform seizures and similar 
states. In children and adults the disease is 
generally not so severe, but sometimes a 
fulminating type is seen. Convalescence re- 
quiring months in severe cases and weeks 
in milder ones, is the rule. Recovery in the 
older group is usually complete; less than 
5 per cent of the survivors have sequelae, 
such as tremor, weakness and mental de- 
ficiency ; parkinsonism is rare, 

Blood counts exhibit, as a rule, 10,000 to 
14,000 white blood cells with a shift to the 
left in the polymorphonuclear elements. 
The spinal fluid is clear, under slight pres- 
sure and with pleocytosis, up to 300 cells 
or more, lymphocytes and monocytes pre- 
dominating; protein is slightly increased ; 
normal amount of sugar is found. 


PATHOLOGIC PICTURE 


Gross examination of the brain and cord 
reveals edema, vascular congestion and 
small hemorrhages. Microscopic examina- 
tion shows a cellular infiltration, chiefly of 
lymphocytes, and engorgement of blood 
vessels in the meningeal layers. In other 
tissues of the CNS there are evidences of 
acute inflammation, such as engorgement of 
the blood vessels, perivascular lymphocytic 
infiltration (Fig. 28, bottom, left) small 
hemorrhages, focal glial proliferation, and 
diffuse infiltration of lymphocytes, poly- 
morphonuclear leukocytes, and plasma 
cells; lymphocytes predominate. The out- 
standing lesions are the degeneration and 
necrosis of neurons associated with neuro- 
nophagia; exceptionally, small sterile ab- 
scesses and areas of necrosis of the gray and 
white matter occur. Perivascular edema 
with loculation of the adjoining parenchyma 
may occur, Perivascular demyelination is 
not seen. 

The histopathologic picture of St. 
Louis encephalitis differs from that of von 
Economo’s disease. In the former the 
meningeal reaction is more pronounced 
than in the latter; the inflammatory foci 
are more widely scattered through the cere- 
bral cortex than in the basal ganglia and 
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midbrain; neuronal necrosis and neuro- 
nophagia are more marked; and the spinal 


cord is-more extensively involved. 


I-XPERIMENTAL INFECTION: Host RANGE 


Rhesus monkeys respond to intracere- 
bral inoculation of only certain strains of 
the virus by showing 8 to 14 days later 
fever, excitement, tremors, paresis, and even 
prostration, followed as a rule by recovery. 
At necropsy one observes neuronal degen- 
eration and necrosis, perivascular cuffing, 
and focal cellular infiltration of the nervous 
tissues. It is difficult to propagate the virus 
in monkeys, since it becomes lost on pas- 
sage; moreover, cebus monkeys are wholly 
insusceptible. 

Mice are susceptible to the virus. It 
was with this species that Webster in 1937 
developed a strain particularly susceptible 
to St. Louis, louping-ill and Russian Far 
East viruses: the strain has been desig- 
nated albino Swiss-W mouse (Casals and 
1943). Mice can be infected 
intracerebral or intranasal 
feeding them 


Schneider, 
regularly by 
route and occasionally by 
virus suspensions (Harford and Bronfen- 
brenner, 1942). When mice are infected by 
the cerebral or nasal route, the virus is 
found regularly in the CNS, blood and 
spleen, and in practically all other organs 
during the terminal stages of the infections 
(Peck and Sabin, 1947). Virus may be 
found in the spleen for 30 days after a sub- 
cutaneous dose. The active agent can be 
propagated in the testicles of mice without 
diminution of its virulence. After intra- 
nasal or intracerebral infection of Swiss-W 
mice, an incubation period of from 3 to 4 
days is followed by ataxia, ruffled fur, con- 
vulsions and paralysis; prostration and 
death occur from 1 to 5 days later. The 
pathologic picture resembles that seen in 
the human disease. 

Mice develop the experimental disease 
when mouse-adapted virus diluted to 10~% 
or 10-8 is given intracerebrally or when it 
is diluted to 10~* and introduced intra- 
nasally. To induce experimental St. Louis 


172 


encephalitis in mice, brain tissue containing 
virus is removed under sterile conditions 
and a sufficient amount of physiologic saline 
solution, or hormone broth at pH 7.4, or 
10 per cent normal rabbit serum in saline 
solution is added to make a 10 per cent sus- 
pension, It is ground in a sterile mortar or 
in a Waring blendor. The suspension is then 
centrifuged at 2,000 r.p.m. for 10 minutes 
and the supernate is drawn into a tuberculin 
syringe having a 27 gauge, !4 inch needle. 
Anesthetized mice are then injected intra- 
cerebrally at a point half way between the 
external ocular canthus and the auditory 
canal, just without the sagittal suture. The 
needle to half its length is directed through 
the skull and meninges and 0,03 cc. is slowly 
injected. For nasal instillation, a similar 
amount is dropped into each nasal cavity 
through a blunt needle so as not to injure 
the tissues. To infant mice, which are much 
more susceptible to the virus by intraperi- 
toneal and subcutaneous inoculation than 
are adults, 0.1 to 0.25 cc. of the suspension 
is given (Olitsky and Harford, 1938). 

Rats (7 or 8 days old) and wild mice 
(gray house mice) are also susceptible to 
experimentally inoculated virus which in- 
duces a lethal encephalitis; but hamsters 
and horses are susceptible only to certain 
strains of the active agent. Adult rats, 
sheep, kittens, and ferrets are insusceptible. 
Chickens, doves, ducks, guinea pigs, and 
rabbits and other vertebrates may develop 
only an inapparent infection during which 
virus is found in their blood. stream. 
Monkeys, horses and mice react with this 
type of infection after subcutaneous injec- 
tion of minute amount of the virus, As will 
be shown later, the fact that animals in 
apparent health can harbor virus in the 
blood which in turn may infect insect vec- 
tors is of prime epidemiologic importance, 


Et1otocy 


The diameter of the virus as determined 
by filtration through gradocol membranes 
is 20 to 30 millimicrons, It passes readily 
through Berkefeld V and N, and Seitz 
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filters. It is not so stable as are certain 
other encephalitic viruses, since it deterio- 
rates rapidly on standing at room tempera- 
ture. It is best preserved by being kept 
frozen at about —70° C., in buffered 50 per 
cent glycerol at 4° C., or lyophilized. In 
preparing virus for storage in the form of 
a suspension, it is best to use undiluted or 
50 per cent rabbit serum inactivated at 
56° C. for 30 minutes as suspending fluid. 
The virus in i0 per cent suspensions of 
brain tissue is inactivated by 1 per cent 
formalin in from 12 to 18 hours at room 
temperature, but not by 1 per cent phenol 
within at least 25 days. Soft X-rays inacti- 
vate it within 4 hours in suspensions of 
brain tissue or in clear supernates. Filtered 
virus is inactivated when held at 56° C. for 
30 minutes. The pH at which the active 
agent is most stable at 4° C., viz., 8.8 in 
glycine-phosphate buffer, is similar to that 
for the virus of Japanese B encephalitis: it 
remains active for 3 weeks at pH 8.4-8.8, 
but not above or below these values (Duffy, 
1946). 

The virus multiples in minced chick- or 
mouse-embryo tissue medium, in Li-Rivers 
(1930) medium, in modifications of the 
Maitland tissue medium, and in chick em- 
bryos, The latter can be infected by the 
yolk-sac or chorio-allantoic routes. The 
most commonly used procedure at the pres- 
ent time is that of inoculating the chorio- 
allantoic membrane of a 10- to 12-day-old 
chick embryo, For this purpose is employed 
a Suspension of virus, usually 10 per cent, 
prepared as described above; or, if the virus 
material is contaminated, a Berkefeld V or 
Seitz filtrate is used. Of the suspension or 
its filtrate, 0.05 cc. is jnoculated under 
Sterile precautions through a puncture in 
the shell or placed on the membrane 
through a window made in the shell which 
after inoculation is sealed with a coverslip 
and paraffin, After incubation at from 35 to 
37° C. for 3 or 4 days or longer, the egg is 
opened; the membrane is edematous and 
opaque and exhibits a diffuse proliferation 
of the ectodermal layers and focal necrosis. 





ST. LOUIS 


The St. Louis encephalitis virus is one that 
does not produce definite, discrete pocks, or 
localized lesions. The virus is recoverable 
from the membrane, brain, lungs, liver, kid- 
ney or spleen, and by intracerebral mouse 
test usually has a titer of 10-° or 107°. 
This titer persists up to the time of hatch- 
ing. Chick embryos are little affected by the 
virus, although only few hatch successfully. 

In the blood of human beings infected by 
St. Louis virus, neutralizing and comple- 
ment-fixing antibodies are detectable on 
approximately the 7th day after the onset 
of illness. The neutralizing antibody can 
endure for many years, if not for a life- 
time; complement-fixing antibody, for at 
least 1 to 3 years. In monkeys, mice, ham- 
sters, and rabbits, the neutralizing antibody 
can be produced following injections of 
active virus or virus inactivated by formalin 
or ultraviolet radiation; depending on the 
route of injection and the species of ani- 
mal, it may be found as early as 48 hours 
after injection. In mice and _ hamsters 
complement-fixing antibody is produced 
and appears, as a rule, somewhat later and 
endures for a shorter period than does the 
neutralizing antibody. Rabbit antiserum 
containing neutralizing antibody can be 
prepared not only against St. Louis en- 
cephalitis virus but also against most of the 
encephalitic viruses and is useful as a posi- 
tive control in serologic work and studies of 
passive immunity. 

Several interesting immunologic phenom- 
ena have been reported in connection with 
this active agent which may have a general 
application to viral encephalitides. For ex- 
ample, Slavin (1943) showed that occa- 
sionally (3 of 14 pairs of mice) virus, 
administered intranasally to passively im- 
munized young mice, may persist in the 
CNS, but not in the spleen or nasal mucosa, 
for as long as 162 days; the animals during 
the periods mentioned were in good health. 
Smith (1943) demonstrated placental trans- 
mission of antibody in mice. She also 
showed that young mice under 2 weeks of 
age are susceptible to the virus introduced 
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intraperitoneally ; in older mice a resistance 
is developed to the virus inoculated in this 
manner but not to that introduced by intra- 
cerebral or intranasal routes (cf. equine 
encephalitis virus; Lennette and Koprow- 
ski, 1944). Hodes (1939) found that preg- 
nancy in mice not only interferes with the 
development of immunity following vac- 
cination but also causes a diminution in 
the amount of a previously established im- 
munity ; between 2 and 7 weeks postpartum 
the response to vaccination returns to the 
type seen in virgin mice. Finally, it has 
been reported that there is a marked dif- 
ference in the increase of the virus in the 
brain tissue of innately susceptible and re- 
sistant mice. In the former, the virus 
reaches a higher titer on culture in vitro; 
the difference was believed to be due to 
some factor in the brain tissue itself and 
not to specific antibody (cf, discussion by 
Morgan, 1941, and Olitsky and Casals, 
1945). 


DIAGNOSIS 


From clinical and pathologic observa- 
tions alone, the only diagnosis that can be 
made with assurance is that of an encepha- 
litis, A diagnosis of the specific type of 
encephalitis can be made only through 
laboratory tests which consist of serologic 
determinations and isolation and identifica- 
tion of the virus. Paired specimens of serum 
from each patient are necessary for the 
serologic tests. The first specimen should 
be taken as early as possible after the onset 
of illness; the second, late in convalescence. 
Then, the paired specimens are tested at 
the same time for the presence of neu- 
tralizing and complement-fixing antibodies. 
If antibodies against the St. Louis virus are 
absent from the first specimen and present 
in the second, the patient has had St. Louis 
encephalitis. If they are absent from both 
specimens, the patient probably did not 
have the disease. On the other hand, he 
might have had it, because a few patients 
fail to produce antibody against this virus 
during the period of observation. If the first 
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specimen was taken sufficiently early in the 
course of the illness and antibodies of the 
same titer are present in both specimens, 
the current illness was not St. Louis en- 
cephalitis, the antibodies against the St. 
Louis virus having been acquired through 
an attack at some previous time. Fre- 
quently, serum from animals immunized 
against St. Louis encephalitis and occa- 
sionally serum from human patients con- 
valescent from the disease contain anti- 
bodies against Japanese B and West Nile 
viruses as well as against St. Louis virus. 
In such cases it must be remembered that 
antibodies for a homologous virus, are, as a 
rule, at a higher level than they are for 
heterologous agents. 

Now in regard to the isolation and identi- 
fication of the virus. The active agent has 
not been recovered from the spinal fluid of 
human beings and only very rarely has it 
been recovered from the blood. Conse- 
quently, for diagnostic purposes it is not 
worth while looking for it in these mate- 
rials. If a patient dies and necropsy is 
obtained, a search for the virus in the brain 
and cord is made. Specimens of brain and 
cord are collected under aseptic conditions. 
With these a 10- to 20-per cent emulsion is 
made in physiologic saline solution and 
0.03 cc, of the emulsion is injected intra- 
cerebrally, as described, into each of at least 
6 albino Swiss mice. If a transmissible 
filterable agent free from bacteria is ob- 
tained, it is then identified in the usual 
manner, namely, by neutralization and com- 
plement-fixation tests in which known anti- 
sera are used and by inoculation tests in 
which mice immune to known viruses are 
employed, 


TREATMENT 
There is no specific treatment of the dis- 
ease. 
EPIDEMIOLOGY 


Seasonal incidence of the disease is defi- 
nite; most cases occur in late summer and 
early fall instead of Spring and winter as 
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is the case with von Economo’s encephalitis. 
The disease is found mainly in the central 
and western United States (Woolley and 
Armstrong, 1934); streams, ponds and 
weeds in an area seem to favor its appear- 
ance (Casey and Broun, 1938). In the St. 
Louis 1933 epidemic, the attack rate was 
highest in those living in the suburbs of the 
city. In the epidemic of 1933, no age was 
exempt but the highest incidence occurred 
in persons older than 45 years. In the more 
recent small epidemics and sporadic cases 
in western United States, the incidence has 
been high in infancy, lowest in children 
from 5 to 12 years, and relatively high in 
persons from 15 to 50 years old; in the last 
class, rates were higher for males. The mor- 
tality rate varies with the epidemic and 
with facilities for nursing, since the latter 
is believed to be of great consequence in 
recovery (Hammon, 1943b); it increases 
directly with age and is reported to range 
from 5 to 30 per cent (Neal, 1942; Ham- 
mon, 1945), 

The chief vectors of the disease as it 
exists in America are possibly, according 
to Hammon and Reeves (1943) and Ham- 
mon (1945), Culex tarsalis and Culex 
pipiens. In the laboratory, transmission of 
the virus to animals has been effected by 
9 species of mosquitoes from 3 genera. 
While the reservoir of the virus is not defi- 
nitely known, chickens or other birds are 
suspected, in which, after infection by the 
bite of mites or mosquitoes, the virus cir- 
culates in the blood without affecting their 
health, and they develop antibodies, The 
seasonal activity of Culex tarsalis mos- 
quitoes from which the virus was isolated 
in nature, correlates with the season of hu- 
man epidemics and no other mosquito has 
shown as yet such a correlation. Moreover, 
they feed on birds in which, in nature, spe- 
cific antibody against the virus is found. 
For these reasons the case for Culex tarsalis 
as vector is strong. It should be borne in 
mind that no transmission experiments in 
man have been performed. Consequently 
the evidence that mosquitoes are directly 
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involved in the human disease is circum- 
stantial, Recently it has been reported that 
the virus was isolated from chicken mites 
(Dermanyssus gallinae) collected in St. 
Louis County during a nonepidemic period 
(Smith, Blattner and Heys, 1944). This 
would indicate the possibility of the over- 
wintering of the virus in the mites of 
chickens or other birds, especially since 
transovarian infection of the mite has been 
demonstrated, 

The close similarity between St. Louis 
encephalitis and western equine encephalitis 
in respect to clinical, pathologic and epi- 
demiologic phenomena is worthy of note. 
Hammon (1943b) states the case for the 
two viruses involved. Both are found in 
Culex tarsalis caught in nature and can be 
passaged in the laboratory by means of 
such mosquitoes; both infect horses and 
produce inapparent infection in other ver- 
tebrates; moreover, mosquitoes can acquire 
both viruses by feeding on infected fowl 
which show no apparent disease; both are 
disseminated through central and western 
United States: and finally, both cause dis- 
ease in human beings in summer and may 
operate simultaneously in the same epi- 
demic area, 


ControL MEASURES 
Immunization by means of a_ vaccine 
devised by Sabin and collaborators (1943), 
which consists of formalin-inactivated virus, 
has not as yet had an adequate trial in 
human beings. It has been shown, how- 
ever, capable of inducing a high degree of 
immunity in mice to active virus inoculated 
peripherally or intracerebrally; and in a 
small series of human tests it caused the 
appearance of neutralizing antibody. A vac- 
cine prepared through inactivation of the 
active agent by means of ultraviolet radi- 
ation has also been used successfully in 
mice. Neither of these vaccines is avail- 
able for general use as yet. A logical pro- 
gram for the protection of individuals and 
communities should always include meas- 
ures for the control of arthropods. 
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JAPANESE B ENCEPHALITIS 


(Synonyms: Russian autumnal encepha- 
litis; Japanese encephalitis; summer 
encephalitis; probably identical with 
Australian X disease ) 


INTRODUCTION 


Japanese B encephalitis is one of the 
summer encephalitides, chiefly prevalent in 
the Far East especially on the Japanese 
mainland, characterized by varied clinical 
pictures, diffuse neuronal necrosis, and in- 
Hammation of the brain and cord, and is 
caused by a virus similar in many respects 
to that of St. Louis encephalitis. In view of 
the fact that von Economo’s disease has 
occurred in Japan, it is designated by the 
Japanese as type A to distinguish it from 
their type B. Australian X disease is as- 
sumed to be similar to, if not identical with, 
Japanese B encephalitis; and at one time 
Russian autumnal encephalitis was regarded 
as a distinct nosologic entity but later it 
was shown to be Japanese B encephalitis. 


History 


While epidemics of encephalitis have oc- 
curred in Japan since 1871, the one that 
appeared in 1924 was particularly notice- 
able becanse more than 6,000 people were 
known to be attacked of whom 60 per cent 
died. From 1924 to 1940, outbreaks arose 
each summer resulting in more than 27,000 
victims. These records are from Japanese 
sources and do not represent the numbers 
of proved cases of Japanese B encephalitis ; 
in all probability they include a number 
of other CNS infections such as poliomye- 
litis. In the summer of 1945, an outbreak of 
Japanese B encephalitis took place on Oki- 
nawa among natives and American military 
personnel, This epidemic was studied by 
several groups of American workers, Al- 
though the exact number of cases among 
natives was not determined, it is most likely 
that at least 200 persons were attacked ; 
most of the patients were children and 33 
are known to have died. Cases that occurred 
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in Army and Navy personnel were some- 
times mild; 2 of 12 proved cases died 
(Sabin, personal communication). Hayashi 
(1934) transmitted to monkeys a CNS in- 
fection by means of intracerebral inocula- 
tion of brain tissue from persons who had 
succumbed to encephalitis, In the summer 
of 1935, during an explosive epidemic, 
Kasahara et al. (1936), Kawamura et al. 
(1936), and Taniguchi et al. (1936), using 
mice as experimental animals and finding 
specific neutralizing antibody in recovered 
patients, established the fact that a virus 
is the cause of the disease. 


CLINICAL PICTURE 


The clinical picture is that of the viral 
encephalitides in general, and as in the 
other forms, three clinical types can be dis- 
tinguished: meningo-encephalomyelitis of 
severe, moderate or mild degree; the abor- 
tive type; and the clinically inapparent 
cases. 

Meningo-encephalomyelitic Type. 
After an incubation period of unknown dura- 
tion, probably about a week, the prodromal 
signs of anorexia, nausea, headache, fever, 
and nervousness occur and endure for 1 to 4 
days. The onset may be sudden or gradual 
and is characterized by fever, vomiting, and 
apathy which may turn into mental con- 
fusion or disorientation, lethargy or even 
coma. The fever of 104° F. or higher, 
reaches, as a rule, its height within the first 
day or two after the onset. It then con- 
tinues for about 5 days when it falls by 
lysis. The temperature becomes normal 
from 5 to 10 days after onset, although in 
certain instances it may remain elevated 
for several weeks. With the febrile reaction 
are associated nuchal and spinal rigidity, 
spasticity of the legs, disturbed deep and 
cutaneous reflexes, difficulties of speech, 
tremors, convulsions and pareses or pa- 
ralyses. In the Japanese epidemic of 1924, 
about 30 per cent of the attacked persons 
were reported to have had either spastic or 
flaccid paralysis of the limbs: in some, the 
paralysis involved the facial muscles. In the 
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Okinawan epidemic, definite paralyses were 
rarely seen. Cerebellar type of in-co-ordina- 
tion is noted, but ocular paralyses, in con- 
tradistinction to von Economo’s disease, are 
infrequent. Sensory and psychic disturb- 
ances may arise. The acute phase lasts from 
a few days to 2 weeks or longer, depending 
on the severity of the attack. In mild cases, 
the neurologic and psychotic signs are less 
marked, When recovery follows an attack, 
it is usually complete; parkinsonism and 
other sequelae are, therefore, infrequent. 
In a study of about 2,000 cases, only 3.1 
per cent of the survivors exhibited neuro- 
logic or psychotic changes. 

Other Types. The abortive type is one 
in which the signs and symptoms may be 
fleeting or mild and consist of fever alone 
or in association with the prodromal signs 
as mentioned, The clinically inapparent or 
missed cases comprise those in which the 
only indication of infection is the develop- 
ment of antibody in the serum of patients. 

During the acute phase the white biood 
cell count shows a moderate polymorpho- 
nuclear leukocyte increase, with a shift to 
the left; the average white blood cell count 
is 10,000 to 25,000 or higher. The cerebro- 
spinal fluid, as a rule, is clear; the pres- 
sure is slightly increased; and pleocytosis, 
to 250 or more cells, chiefly of lymphocytes 
is present. Early in the course of the dis- 
ease, polymorphonuclear cells may be found 
in the fluid. The protein content is some- 
what increased but the amount of sugar is 
usually normal. 


PatHotocic PicrurE 


Macroscopically, the brain and coverings 
show edema and congestion especially in 
the cortical gray matter, basal nuclei, pons, 
and medulla. Microscopically are seen peri- 
vascular cuffing and meningeal infiltration 
chiefly with lymphocytes and some poly- 
morphonuclear leukocytes, Neuronal degen- 
eration and necrosis with associated neu- 
ronophagia are noted especially in the 
substantia nigra, red nuclei, basal ganglia, 
cerebral cortex, cerebellar cortex and horns 
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of the spinal cord, along with diffuse or 
focal infiltration of various parts of brain 
and cord with mononuclear and polymor- 
phonuclear cells. The most striking patho- 
logic change is the destruction of the 
Purkinje cells in the cerebellum, a lesion 
also observed in the experimental disease 
and in louping-ill. In addition, there are 
patches of encephalomalacia, acellular 
plaques of spongy appearance in which 
medullary fibers, dendrites and axons are 
destroyed, and focal microglial prolifera- 
tion (Fig. 27). In chronic cases, focal and 
diffuse deposition of calcium salts leading 
to a foreign body response may occur 
(Zimmerman, 1946). 


EXPERIMENTAL INFECTION: Host RANGE 


Lower animals susceptible to the virus 
and showing signs of disease, as reported by 
the Japanese, are in order of susceptibility 
from highest to lowest, mouse, monkey, 
horse, goat, sheep, hamster, young dog, pig, 
cat, and vole. Viremia is noted in the horse, 
dog, goat, rabbit, rat, and sparrow; the 
latter three show, however, no visible signs 
of infection. The guinea pig is partially re- 
sistant, showing only a febrile reaction. 
Recently, Hammon, Reeves and Burroughs 
(1946) demonstrated that chickens reveal 
a viremia for 1 to 7 days after being inocu- 
lated subcutaneously with the virus, the 
birds in the meanwhile being otherwise 
unaffected in health. The epidemiologic 
implication of the finding that an animal 
on exposure to the virus remains apparently 
healthy but harbors virus in the blood, is 
that it may be a reservoir in nature from 
which blood-sucking arthropods can_ pick 
up the virus for infection of man, On Oki- 
nawa, also in Japan and Korea, Sabin 
(1947) found, however, that native chickens 
were free from infection. Young horses in 
nature have encephalitis due to Japanese B 
virus but most of them, as in human beings, 
develop inapparent infection and antibody. 
Recently, Hodes, Thomas and Peck (1946a) 
have shown that, during an outbreak of the 
disease on Okinawa, apparently normal 
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horses exhibited in their sera complement- 
fixing and neutralizing antibodies: they 
suggested that this animal may have played 
an important epidemiologic réle in the 
spread of the Okinawa epidemic. 

White mice develop the experimental dis- 
ease after intracerebral injection of mouse- 
adapted virus in dilutions up to 10°® or 
even higher; they become infected after 
intranasal instillation and intraperitoneal 
inoculation of the virus. In the case of the 
latter type of inoculation, infection occurs 
with 10-* to 10~* dilutions of the active 
agent, depending on the age of the animals. 
They show within 3 to 8 days after injec- 
tion a rapidly developing lethal encephalo- 
myelitis with paralyses, tremors and con- 
vulsions. This host develops with age an 
increasing resistance to the virus given pe- 
ripherally which appears at the time of 
weaning. Mice are experimentally infected 
in the manner described in the section on 
St. Louis encephalitis. 

Young rhesus monkeys develop an ex- 
perimental encephalomyelitis within 4 to 8 
days after intracerebral, intraocular or 
intranasal inoculation of dilutions of the 
virus similar to those given to mice, They 
show nystagmus, nuchal rigidity, saliva- 
tion, convulsive seizures, unequal pupils, 
paralyses of various members including the 
eyelids, cerebellar ataxia and in-co-ordina- 
tion, and, finally, prostration ending in 
death. The virus can be propagated indefi- 
nitely by monkey to monkey passage in 
which respect this active agent differs from 
that of St. Louis encephalitis (v. supra). 
For intracerebral injection of monkeys the 
following method is used: the monkey's 
scalp is shaved, tincture of iodine is applied 
and then removed by means of alcohol, and 
the animal is anesthetized. A quarter-inch 
incision of the scalp is made, and the skull 
is trephined for a 22 to 25 gauge needle at 
a point 1 cm. to the right or left of the 
sagittal suture and 1 cm. in front of the 
coronal suture. Through this opening the in- 
jection is made with a 5¢ inch needle, gauge 
22 for suspensions and 25 for filtrates of 
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the inoculum prepared as indicated for 
St. Louis virus (v. supra), The needle is 
inserted to the hilt and reaches the right 
or left frontal lobe; the dose, inoculated 
slowly, is usually 0.5 to 1 cc. 


ETIOLOGY 


Japanese B virus is said to have a diam- 
eter of from 15 to 22 millimicrons as deter- 
mined by ultrafiltration through gradocol 
membranes (Sabin and Duffy, personal 
communication), The size as determined by 
ultracentrifugation of infected mouse brains 
is not as yet definitely settled since all the 
components found by this technic are pres- 
ent also in normal mouse brains, except one 
which has a sedimentation constant of about 
5 Svedberg units—a unit is a sedimentation 
rate of 10°" cm. per second per unit cen- 
trifugal field. If this should be the virus 
itself, and if it were spherical and had a 
density of protein, it would have a diameter 
considerably less than 10 millimicrons. This 
component may, however, correspond to one 
found in normal mouse brains having a 
sedimentation constant of 8 Svedberg units ; 
further work is needed therefore to settle 
this point (Duffy and Stanley, 1945), The 
virus passes through Seitz and Berkefeld V 
and N filters, Filtered virus is inactivated 
at 56° C. within 30 minutes, The virus in 
infected mouse brains is preserved by stor- 
age on dry ice at about —70° C., by immer- 
sion in 50 per cent buffered glycerol at 
4° C., and by lyophilization. For preserva- 
tion of diluted virus, the recommended 
diluent is undiluted normal rabbit serum, 
SO per cent normal rabbit serum in saline 
solution, or sterile undiluted skim milk ad- 
justed to pH 8.4 (Duffy and Stanley, 1945), 
for dilution of virus in neutralization tests 
10 per cent normal rabbit serum or 10 per 
cent skim milk in saline is employed. The 
optimum pH for stability of the active 
agent at 4° C. is about 8.5 in acetate- 
glycine-phosphate buffer; the virus is inac- 
tivated rapidly at pH 10 and pH 7. 

The virus has been cultivated in em- 
bryonated hens’ eggs, first by Taniguchi 
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et al. (1936) and later by Warren and 
Hough (1946), Koprowski and Cox (1946) 
and others. Recent investigators have been 
able to bring the titer of cultivated virus up 
to 10-75 or even to 10-®5. The method of 
propagating the virus in the embryos is 
similar to that used for St. Louis virus. The 
most satisfactory yields are obtained by 
inoculation of the chorio-allantois (v. supra, 
St. Louis encephalitis) and yolk sac. By the 
latter method, 7- to 9-day incubated eggs 
are inoculated with 0.5 cc. of 10+ dilution 
of infected mouse-brain suspension having a 
high titer of virus. The eggs are then in- 
cubated at 35.5 to 36° C. for 48 hours when 
the maximum amount of virus is obtain- 
able; within 48 to 72 hours all embryos die: 
virus is found throughout the egg but chiefly 
in the embryo itself, 

Neutralizing and complement-fixing anti- 
bodies are developed after clinically appar- 
ent infection. The neutralizing antibody can 
be observed as early as 3 days (Sabin, 
1947) after the onset of symptoms in cer- 
tain patients; in others, it is detectable 
within 1 or 2 weeks. It has been shown to 
endure at least for 4 years, if not for life. 
Complement-fixing antibody has been found 
as early as 5 days and as late as 5 weeks 
after onset of illness, but at present no one 
knows how long it can be detected, Anti- 
body is also developed after inapparent 
infection. Hammon and Sabin (personal 
communication) have found that Japanese 
natives, who give no history of having had 
encephalitis but have neutralizing antibody 
and no complement-fixing antibody in their 
serum, respond with a marked titer of 
complement-fixing antibody, even after a 
single injection of low-potency vaccine of 
the Japanese B encephalitis virus which by 
itself produces neither neutralizing nor 
complement-fixing antibody in controls, It 
is of interest to note that the type of virus 
operating in the 1945 epidemic on Okinawa 
was first determined by complement-fixation 
tests on patients’ serum (Hodes, Thomas 
and Peck 1946b). Antibodies are also 
found in lower animals immunized by vac- 


JAPANESE 


cination with inactivated virus or conva- 
lescent from infection with active virus. 
Serum from immunized animals may show 
crossing with St. Louis and West Nile vi- 
ruses in serologic tests, but no relationship 
among the three can be demonstrated by 
cross-immunity tests, i.e., by intracerebral 
tests in immunized animals (Casals, 1944), 
When serologic crossing occurs, the homol- 
ogous reaction is always stronger than the 
heterologous, 
DIAGNOSIS 


Clinical and pathologic pictures by them- 
selves point to a diagnosis of encephalitis, 
but the type can be determined only by 
isolation and identification of the virus or 
by serologic and immunologic tests. The 
procedures of laboratory diagnosis are simi- 
lar to those outlined in the section on 
St. Louis encephalitis (v. supra). As indi- 
cated there, CNS tissue is the best material 
in which to look for the active agent. Never- 
theless, Japanese and Russian workers state 
that virus can be recovered from the blood, 
cerebrospinal fluid, and even urine, feces or 
saliva. Recovery of virus from these latter 
materials must be considered as uncommon 
or problematic and not an_ established 
practical procedure. Since Russian Far East 
encephalitis and Japanese B_ encephalitis 
may be found occasionally in the same 
areas of Russia an aid to the differential 
diagnosis is the fact that 6-weeks old or 
older albino mice are resistant to Japa- 
nese B virus administered by the subcu- 
taneous route but are highly susceptible to 
the Russian Far East virus given in this 
manner. 

TREATMENT 

No specific treatment is at present avail- 

able. 


EPIDEMIOLOGY 


The disease arises in epidemic form dur- 
ing the warmest season of the year. Thus, 
over a ten-year period in Japan 90 per cent 
of more than 12,300 cases occurred during 
August and September. As in the 1933 epi- 
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demic of St. Louis encephalitis, the greatest 
number of people attacked was usually in 
older age groups; over 60 per cent of all 
cases have occurred in those over 50 years 
of age and among them the mortality rate 
was 65 to 80 per cent as against 50 to 55 
per cent for those in younger age groups. 
Males are more often attacked than fe- 
males. The Japanese believe that the inci- 
the certain areas is 
limited by the presence of large populations 
of immunes, an idea supported by their 
finding neutralizing antibody in the serum 
of many people not giving a history of 
having had encephalitis, Almost all per- 
sons in certain localities showed positive 
reactions. Thus, according to them, 10 per 
cent of people in the Philippines showed 
positive neutralization tests, while in Tokyo 
85 per cent gave such reactions. On Oki- 
nawa, in 1945, most of the cases in natives 
occurred in children, and native doctors 
state that the disease is seen every summer 
in children. American workers found that 
most adult natives possessed neutralizing 
antibody and concluded that absence of the 
disease in this section of the population was 
due to an immunity acquired through in- 
apparent infection contracted during in- 
fancy or childhood (Rivers, personal com- 
munication; Sabin, 1947). The disease is 
found in the Philippines, the maritime 
provinces of the Soviet Union and Man- 
churia, the Ryukyus (Okinawa), Japan, 
Formosa, Eastern China, lKorea, Indo- 
China, and Java. In Japan proper most 
the coastal areas 


dence of disease in 


cases have occurred in 
bordering on the Inland Sea. 

The vectors are unknown, Japanese and 
Russian workers believe that they are mos- 
quitoes, the chief species being Culex tri- 
taeniorhynchus and Culex pipiens. Accord- 
ing to them, such mosquitoes have been 
found in nature harboring the virus. Hodes 
(1946) reported that Culex jepsoni, Culex 
quinquefasciatus, and Aedes vexans can be 
experimentally infected; moreover, infected 
larvae of the first species when they emerge 
as adults are capable through bites of con- 
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veying the infection to infant mice, Reeves 
and Hammon (1946) recently demonstrated 
experimentally that the virus can be trans- 
mitted by 7 species, representing 3 genera, 
of mosquitoes indigenous to North Amer- 
ica, Even though they failed to demonstrate 
transovarian infection in them, this conti- 
nent may, nevertheless, be faced with the 
problem of the entrance and dissemination 
of the virus within its boundaries. The reser- 
voirs of the virus are also unknown, Many 
mammals and birds, especially chickens, 
have been suspected mainly because they 
develop only viremia after inoculation of 
the virus. From observations made on Oki- 
nawa and in Japan (Hodes et al., 1946a; 
Sabin, 1947) it would appear that the active 
agent can be widespread among horses and 
other mammals at a time when it is absent 
or only very occasionally present in 
chickens. 


CONTROL MEASURES 


Since arthropods may serve as vectors, 
their control should be considered in any 
program for the suppression of encepha- 
litis. Prevention by use of specific antiserum 
has not yet been applied to man, although 
hyperimmune serum prepared in horses has 
been found to be effective in experimental 
animals, At the present time a mouse-brain 
vaccine prepared by the method of Sabin 
and collaborators (1943) and Sabin (1947) 
and a chick-embryo vaccine (Warren and 
Hough, 1946) are being tested in the field 
to determine their ability to protect human 
beings. Russian observers believe that the 
mouse-brain vaccine has shown promising 
results in Siberia. 


AUSTRALIAN X DISEASE 


(Synonym: Australian acute polio-en- 
cephalomyelitis ) 


INTRODUCTION 


Australian X disease is a viral encepha- 
litis, limited to Australia, which is now be- 
lieved to be similar to if not identical with, 
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the Japanese B type; at least it had many 
of the characteristics of the latter. 


History 


During a hot, dry summer in 1917-1918 
an epidemic of acute encephalomyelitis 
broke out in Australia involving 134 per- 
sons of whom half were less then 5 years 
of age; 70 per cent of the patients suc- 
cumbed (Cleland and Campbell, 1917). 
The disease reappeared in 1922, 1925 and 
1926 but in milder form; it has not been 
encountered as a definite clinical entity 
since 1926. A virus was isolated from cere- 
bral tissue of 3 patients (Cleland and 
Campbell, 1917, 1919) and from the cere- 
brospinal fluid of another; the active agent 
was lost before a comparative study of its 
properties could be made. This form of 
encephalitis was at first thought to be acute 
anterior poliomyelitis, then louping-ill; at 
present it is believed to have been caused 
by the virus of Japanese B encephalitis. 


CLINICAL PICTURE 


After an incubation period of from 5 to 
12 days, symptoms of malaise, headache 
and gastro-intestinal disturbances were 
noted; these were rapidly followed by 
fever, vomiting and neurologic reactions 
characterized by tremors, twitchings, ataxia, 
convulsions, and rarely ophthalmoplegia or 
other paralyses. The disease in the original 
epidemic was fulminating; some children 
died within 24 hours after onset of illness: 
others within 4 to 6 days. Those who sur- 
vived, recovered completely. The blood 
showed a slight leukocytosis, and the spinal 
fluid, a pleocytosis, 


PatuHoLocic Picture 


The pathologic changes conformed to 
those seen in the viral encephalitides with 
the exception of a noticeable destruction of 
the Purkinje cells of the cerebellum. a le- 
sion similar to that seen in louping-ill and 
Japanese B_ encephalitis. Otherwise the 
brain was more involved than the cord with 
neuronal degeneration and necrosis, peri- 
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vascular infiltration, glial accumulations 
and small capillary hemorrhages. 


EXPERIMENTAL INFECTION: Host RANGE 


The virus was active in rhesus monkeys ; 
through them it was passaged 14 times 
before it was lost. Sheep, a horse, a foal, 
and a calf were found susceptible. In 
monkeys the incubation period after intra- 
cerebral injection of the virus was 5 to 23 
days, at which time signs of lethal meningo- 
encephalitis developed, Insusceptible ani- 
mals were dogs, kittens, rabbits, guinea 
pigs, and fowls, 


ETIOLOGY 


The virus not being available for study, 
its properties are far from being wholly 
known, It is not identical with poliomye- 
litis virus, as was first thought, because its 
host range is different and its clinical and 
pathologic pictures are those of encepha- 
litis instead of poliomyelitis. Moreover, of 
40 patients only 3 exhibited paralysis 
(Neal, 1942), It is not likely to be identi- 
cal with the virus of louping-ill of sheep 
because neither that agent nor its vector, 
Ixodes ricinus, is present in Australia, On 
the tenuous grounds of similarity in clinical 
and pathologic features and in host range, 
the disease caused by this active agent is 
for the present classified as Japanese Bb 
encephalitis. 


WESTERN EQUINE ENCEPHALITIS 


(SYNONYMS FOR THE EQUINE ENCEPHAL- 
ITIDES OR ENCEPHALOMYELITIDES: Die 
Amerikanische Encephalitis | beim 
Pferde|; epizootic equine encephalo- 
myelitis; W. E. E.) 


INTRODUCTION 


Western equine encephalitis is a summer 
viral disease of lower animals, especially of 
horses and mules, the virus of which is 
transmissible to human beings in whom a 
malady is produced closely resembling that 
of St. Louis encephalitis. It is distinct in 
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several features from the maladies brought 
about by infection with the eastern and the 
Venezuelan equine viruses, 


History 


For more than 75 years, epizootics of 
encephalitis have been observed in equine 
animals in the United States. Meyer, Haring 
and Howitt (1931) isolated the causal agent 
from the CNS of affected horses in Cali- 


fornia by transmission experiments in 
which horses, monkeys, rabbits, guinea 
pigs, rats, and mice were used. The agent 


is now known as the western equine en- 
cephalitis virus. Meyer (1932) was the first 
to record the possibility of human infection 
with this agent, but Howitt (1938) was the 
first to recover the virus from the CNS 
tissue and blood of man by means of intra- 
cerebral inoculation of mice. The most ex- 
tensive human epidemic occurred in 1941, 
chiefly in North Dakota, Minnesota and ad- 
jacent provinces of Canada; over 3,000 per- 
sons were attacked with a mortality rate of 
8 to 15 per cent. At the present time there 
exists an endemic focus along our Pacific 
coast. For example, in 1945 and 1946 there 
were 57 and 149 cases, respectively, diag- 
nosed as neurotropic virus infections at the 
Kern County (California) Hospital; of 
these, 18 and 9 patients, respectively, were 
definitely shown to have had western equine 
encephalitis (Hammon, personal communi- 
cation). 


CLINICAL PICTURE 


The incubation period is from about 5 to 
10 days but may be from 4 to 21 days. The 
clinical picture varies considerably in dif- 
ferent patients, from negligible signs and 
symptoms to acute comatose states develop- 
ing within 24 hours, 

In the common epidemic type, patients 
exhibit prodromata of headache, drowsi- 
ness, fever and gastro-intestinal disturb- 
ances, Then suddenly, less often gradually, 
fever appears with neurologic signs and 
symptoms which consist of severe head- 
ache, insomnia, and marked pain in the 
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muscles, especially in those of the back. 
Lethargy, disturbances of speech, ataxia, 
nystagmus, tremor, convulsions, mental 
confusion, amnesia, and even coma may 
supervene. Paralysis is not common, occur- 
ring in about 15 per cent of those attacked ; 
ophthalmoplegia and ptosis are still more 
uncommon. The acute febrile phase endures 
from 7 to 10 days. Most patients recover 
completely; residuals such as parkinson- 
ism are rare. Clinically it cannot be dif- 
ferentiated from St. Louis encephalitis 
(v. supra). Abortive forms may be seen; 
here some of the prodromal symptoms, such 
as fever and headache, may be the sole 
indications of infection, Clinically inappar- 
ent cases, i.e., those in which no obvious 
signs except development of serum anti- 
body are discernible, frequently are ob- 
served during epidemic and interepidemic 
periods. 

The white blood cell count exhibits, as a 
rule, a slight polymorphonuclear leukocyto- 
sis; the total count ranges from 10,000 to 
16,000. The cerebrospinal! fluid shows a 
pleocytosis of 10 to more than 400 cells: 
early, polymorphonuclear leukocytes are in 
evidence, but about 3 days after the onset 
mononuclear cells begin to predominate. 
Protein is usually increased and sugar may 
be slightly increased or normal in amount. 


PatHo.ocic PicturE 


Macroscopic and microscopic changes in 
the CNS closely resemble those of St. Louis 
encephalitis and are essentially meningo- 
encephalitic ; the cord is often not involved, 
except in some instances in which a few 
small lesions are seen in the upper cervical 
region. As a rule, only a slight lymphocytic 
infiltration of the meninges occurs. In the 
gray matter there are widespread lesions 
consisting of focal accumulations of glial 
cells, perivascular lymphocytic infiltration, 
spongy disintegration of the ground sub- 
stance, neuronal degeneration, and a vary- 
ing degree of neuronal necrosis with 
neuronophagia, A diffuse infiltration of 
polymorphonuclear and mononuclear cells 
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may be observed. The lesions are extensive 
in the gray matter, but scattered microglial 
ageregations and plaques of myelomalacia 
without a surrounding inflammatory re- 
action can be seen in the white matter. 
Some blood vessels show an inflammatory 
reaction in their walls and_ occasionally 
thrombi are seen. 


IXPERIMENTAL INFECTION ; Host RANGE 


The western virus has a very wide host 
range. In nature, human beings, horses and 
mules have shown signs of infection. The 
experimental infection with signs of illness 
can be induced in albino mice, hamsters, 
rats, guinea pigs, domestic and wild rabbits, 
monkeys, squirrels, cotton rats, kangaroo 
rats, wood rats, wild mice, puppies, deer, 
pigs, gophers, calves, goats, prairie chickens, 
and pigeons. Sheep and cats are resistant. 
Barnyard fowl and certain wild birds ex- 
hibit, after exposure to the virus, a viremia 
but are otherwise unaffected (Hammon and 
Reeves, 1945). 

The animal of choice for experimental 
work is the white mouse. After intraperi- 
toneal or intramuscular inoculation of 15- 
day-old mice, virus appears in the blood and 
in the majority of instances it migrates 
from the blood to the nasal mucosa, whence 
it invades the CNS by the olfactory route. 
Most old mice are resistant to the virus 
given by peripheral routes other than the 
nasal (Sabin and Olitsky, 1938a and b: for 
similar studies in guinea pigs and monkeys, 
see Hurst, 1936). Old and young mice are 
equally susceptible to the virus given intra- 
cerebrally and intranasally, Mouse-adapted 
virus, when given intracerebrally, produces 
disease in dilutions of 10-8 and rarely 
107"; dilutions of 10% are effective by in- 
tranasal instillation. From 2 to 6 days after 
inoculation mice show signs of meningo- 
encephalomyelitis, for example, generalized 
spastic muscular contractions, spastic pa- 
ralyses, wild or in-co-ordinated movements, 
torpor, prostration, and death. Death may 
ensue within a few hours after onset -of 
signs or at any time up to two days later. 


WESTERN EQUINE ENCEPHALITIS 


The pathologic picture simulates that ob- 
served in man. 

The method of inoculating mice and of 
preparing inocula has already been described 
(v. supra, St. Louis encephalitis), For in- 
tracerebral inoculation of other susceptible 
animals such as rabbits, hamsters, rats, and 
guinea pigs, the procedure follows that used 
in monkeys (v. supra, Japanese B encepha- 
litis). For hamsters, rats and guinea pigs, a 
25 gauge, '4 inch needle is inserted to the 
hilt through a trephined opening; the 
amount of inoculum is 0.1 or 0.2 cc.; and 
the site of inoculation corresponds to that 
designated for the mouse (v. supra, St. 
Louis encephalitis). For rabbits, a 25 gauge, 
3g inch needle is used; the inoculum varies 
from 0.3 to 1 cc., depending on the size of 
the animal. 


ETIOLOGY 


The diameter of the virus, estimated from 
results of filtration through gradocol mem- 
branes, is about 25 millimicrons; according 
to results from electron micrography and 
from ultracentrifugation, it is about 40 
millimicrons. It is filterable through Berke- 
feld V, N and W candles and through Seitz 
filters, The active agent grown on chick em- 
bryos exhibits on ultracentrifugation two 
components. One has a sedimentation con- 
stant of about 79 Svedberg units or a di- 
ameter of about 25 millimicrons; such a 
component is also found in normal chick- 
embryo tissue. The other component has a 
sedimentation constant of about 265 Sved- 
berg units or a diameter of about 45 milli- 
microns; this component carries all of the 
infectivity (Beard, 1945), The chemical 
constitution of the infective particles as 
purified by ultracentrifugation was reported 
by Beard (1945) and colleagues to be 54 
per cent fat-solvent extractable material, 
4 per cent carbohydrate, and the remainder 
ribonucleoprotein; thus the virus was said 
to be a ribonucleo-lipoprotein complex. One 
should consider the limitations of a technic 
which may not yield a pure material; the 
chemical results stated above may therefore 
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need revision when in the future pure virus 
preparations become available. Electron 
micrography of the virus is said to reveal 
images resembling those of the active agent 
of papilloma, i.e., round particles with ill- 
defined edges having internal structures 
some of which are rounded and dense, some 
oblong, and others vacuolated, located cen- 
trally or eccentrically (Beard, 1945), 
Ninety-nine per cent of the virus can be 
adsorbed on Willstaetter’s Type C alum- 
inum hydroxide from which it can be eluted. 

The maximum stability of the virus at 
icebox temperature is between pH 7 and 
pH 8.5; its infectivity is rapidly lost in 
suspensions more acid than pH 6.5. In sus- 
pensions the virus withstands a temperature 
of 70° C., and in filtrates, a temperature of 
60° C. for 10 minutes. It resists undiluted 
ether, 0.2 per cent choloroform, 1 or 2 per 
cent phenol, 0.05 per cent bichloride of 
mercury, and 1:500 merthiolate; the latter 
and phenyl mercuric borate can be used as 
bacteriostatic preservatives of viral suspen- 
sions in 1:10,000 and 1:50,000 dilution, re- 
spectively. In the preparation of vaccines, 
the virus is inactivated by keeping the sus- 
pension in the presence of 0.4 per cent for- 
malin for 2 days at 20° C, and then for 2 
days at 4 or 5° C. It can be preserved in 
cold 50 per cent buffered glycerol at a pH 
7.4 or 7.5, by being held in the frozen state 
on dry ice, and by lyophilization. 

The western virus grows readily in the 
Maitland type of tissue culture and in the 
developing chick embryo. All methods of 
inoculation of embryonated eggs are eliec- 
tive in producing large yields of virus, titers 
being 10-7 to 10-*, The methods of inocula- 
tion are the following: directly into the em- 
bryo, on the chorio-allantois, into the yolk 
sac, into allantoic and amniotic cavities, and 
into the brain of the embryo. After inocula- 
tion by any of these routes, the embryo dies 
within 18 to 24 hours, showing widespread 
hemorrhage, thrombosis and necrosis 
throughout all tissues. The rapidly develop- 
ing lethal infection of chick embryos is 
characteristic of the action of this virus. 
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After natural or experimental infection, 
the virus induces a solid immunity, which 
can also be achieved by the use of vaccines 
consisting of virus inactivated by formalin 
(Shahan and Giltner, 1934; Cox and Olit- 
sky, 1936; Beard et al., 1940). Both comple- 
ment-fixing and virus-neutralizing antibod- 
ies are associated with this immunity. Thus, 
in human beings ill with the infection, neu- 
tralizing antibody certainly is found within 
7 days after the onset and, according to 
Hammon (personal communication), even 
on the day of onset of the disease, and may 
persist for at least 2 years; complement- 
fixing antibody is also found within 7 days 
after the onset but in the majority of cases 
it is not found 12 to 14 months after re- 
covery. After vaccination of human beings, 
neutralizing antibody lasts for at least 2 
years but no complement-fixing antibody at 
all is produced. In experimental animals 
after vaccination, neutralizing antibody ap- 
pears within 3 days and endures for at least 
6/2 months; complement-fixing antibody 
develops on the 9th day and lasts for at 
least 4 months. The duration of antibody 
as stated here is based on the longest time 
after vaccination at which tests were made. 

Cox and Olitsky (1936) and Morgan et al, 
(1942) demonstrated that mouse-brain vac- 
cines can be used for the experimental pro- 
duction of solid and enduring immunity to 
challenge doses of the virus given intra- 
cerebrally and peripherally. In such vac- 
cinated animals there is a correlation be- 
tween the amount of neutralizing antibody 
in the serum and the immunity against viral 
infection, Furthermore, Morgan, Schlesinger 
and Olitsky (1942) reported that neutraliz- 
ing antibody can be found in the cerebro- 
spinal fluid of rabbits after immunization 
and that a correlation exists between the 
levels of serum and of spinal fluid antibody 
and cerebral immunity, This work points to 
the availability of antibody to the CNS as 
being an important factor in the manifes- 
tation of such immunity, Vaccination of 
guinea pigs to a degree at which they resist 
1,000 cerebral lethal doses fails to protect 
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the CNS against the initial effects of the 
virus given intracerebrally ; an abortive in- 
fection of 20 to 30 hours’ duration ensues, 
characterized by fever and histopathologic 
changes simulating those which occur in 
control animals at a very early period after 
infection. In addition, recovered guinea pigs 
or mice are resistant for about 2 weeks to 
certain heterologous agents, such as eastern 
equine and vesicular stomatitis virus, given 
intracerebrally, i.e., they reveal the so-called 
interference phenomenon or something simi- 
lar to it, which has been designated by the 
investigators as an “acquired nonspecific 
cellular resistance” (Schlesinger et al., 
1944). 


DIAGNOSIS 


As with other viral encephalitides, the 
clinical and pathologic findings indicate a 
diagnosis of encephalitis but the type can 
only be determined by isolation and identi- 
fication of the virus or by serologic and 
immunologic tests; the laboratory pro- 
cedures involved in diagnosis have already 
been described (v. supra, St. Louis encephal- 
itis). As stated there, the most satisfactory 
source of virus is CNS tissue; even though 
the western equine virus has been recovered 
from the blood and cerebrospinal fluid of 
patients, it has been found so rarely as to 
make viral studies on such material inad- 
visable as a diagnostic measure, 


TREATMENT 


There is no proved specific treatment of 
the disease, Olitsky, Schlesinger and Mor- 
gan (1943) have shown in experiments with 
mice and guinea pigs that hyperimmune 
rabbit serum is ineffective if treatment is 
begun after onset of definite signs of en- 
cephalitis ; however, if the antiserum is given 
to guinea pigs 24 to 48 hours after inocula- 
tion of virus and before the signs of disease 
are obvious, treatment can prevent lethal 
infection, Moreover, in certain serum- 
treated animals there occurred typical, 
fatal encephalitis after an incubation pe- 
riod of 13 to 47 days: in such instances ‘it 
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was assumed that the virus persisted within 
the CNS during the prolonged incubation 
period, and, when the content of antibody 
of the CNS reached a low level, even though 
still demonstrable, it became ineffective and 
could no longer prevent the active agent 
from passing to and infecting other cells. 
These findings may have application to 
other neurotropic virus infections; at any 
rate they support the conclusions of Rivers 
(1939) that treatment with immune sera is, 
with few exceptions, valueless if it is begun 
after onset of definite clinical signs of a 
viral infection, Sulfonamide compounds do 
not affect the virus or the experimental dis- 
ease induced by it. 


EPIDEMIOLOGY 


The main epidemiologic features of the 
disease are similar to those of St. Louis 
encephalitis ; indeed, mixed epidemics have 
been reported. Epidemics of the disease and 
poliomyelitis have occurred simultaneously 
in the same area as was the case in Mani- 
toba during the summer of 1941, when, 
without serologic tests, it was not always 
easy to differentiate one infection from the 
other. The disease prevails chiefly from 
mid-July to mid-September in the United 
States and Canada and the most victims of 
infection are adult males, 20 to 50 years of 
age, who work outdoors; it also occurs in 
the Argentine Republic. In the epidemic in 
Manitoba in 1941, a high attack rate was 
also noted in infants under 1 year of age. 
In the San Joaquin Valley in California, 
attack rate in infants is also comparatively 
high. The mortality rate is said to be from 
7 to 20 per cent, the average being about 
10 per cent. 

The vector is considered by Hammon and 
Reeves (1945) and others to be culicine 
mosquitoes, of which Culex tarsalis may 
be the most important species; at least such 
mosquitoes caught in nature have fre- 
quently been shown to harbor the virus. 
Kelser (1934) in 1932 demonstrated experi- 
mentally that Aedes aegypti mosquitoes can 
transmit the western virus from infected 
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guinea pigs to normal guinea pigs and 
horses and from an infected horse to nor- 
mal guinea pigs. The reservoir of the virus 
is unknown, but chickens and other birds 
are suspected, Culex tarsalis mosquitoes 
have a predilection for fowl which after 
infection by the bite of the arthropod show 
a viremia, their health otherwise being un- 
affected. The infection from fowl to fowl 
may be carried on by mosquitoes or per- 
haps by some other blood-sucking insect 
or by the wild bird mite (Reeves and 
Hammon, personal communication) or the 
chicken mite (Sulkin, 1945). No one has 
as yet proved the presence of virus in mos- 
quitoes caught on horses ill with the natu- 
ral disease; nor have transmission experi- 
ments with infected insects been attempted 
in man, The evidence that mosquitoes are 
the vectors of the human disease, although 
strong, is therefore incomplete; Hammon 
and Reeves (1945) indicate that the vector 
may not be identical in different epidemic 
areas. One should consider the possibility 
of other vectors. For example, Syverton and 
Berry (1941) succeeded in transmitting the 
disease to animals by means of experi- 
mentally infected wood ticks, Dermacentor 
andersoni; ticks so infected could in turn 
convey, through transovarian passage, the 
virus to their progeny. The active agent 
has been recovered from a conenosed bug, 
Triatoma sanguisuga, caught in nature, 


CONTROL MEASURES 


A formolized vaccine made from nervous 
tissue of animals was prepared by Shahan 
and Giltner (1934) and Cox and Olitsky 
(1936). A formolized chick-embryo vaccine 
is available at the present time for the 
prevention of the disease in equine animals 
(Beard et al., 1940). It has received the 
approval of the U. S. Bureau of Animal 
Industry as an effective means of prophy- 
laxis. Recommendations concerning the use 
of such a vaccine in man await the results 
of controlled tests in the field under epi- 
demic conditions. In the meantime, it is 
being used for workers in laboratories or 
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those especially exposed to the virus. Spe- 
cific antiserum for passive immunization 
has been used successfully in experimental 
animals, but no satisfactory trial has been 
made in human beings. Since arthropods, 
especially mosquitoes, are considered as 
possible vectors, their control should always 
be undertaken. 


EASTERN EQUINE ENCEPHALITIS 


(Synonyms: Similar to those for western 
equine encephalitis; E. E. EF.) 


INTRODUCTION 


Eastern equine encephalitis is a summer 
disease of equine and avian animals which 
is transmissible to man in whom it is char- 
acterized, as a rule, by extensive inflamma- 
tion and destruction of the CNS. The 
eastern virus should not be regarded merely 
as another serologically distinct strain ca- 
pable of inducing equine encephalitis, but, 
as is the case also with the Venezuelan 
type, more as a virus capable of inducing 
a nosologic entity. 


History 


During the summer of 1933, TenBroeck 
and Merrill (1933) recognized an encepha- 
litis in horses on farms in Virginia, Dela- 
ware, New Jersey, and Maryland. These 
workers and, at about the same time, 
Giltner and Shahan (1933) isolated a virus 
from the brains of affected animals; this 
active agent was serologically and immuno- 
logically distinct from the western virus 
and was designated eastern equine encepha- 
Jitis virus. It was first recovered from human 
CNS tissue by Fothergill et al. (1938) and 
by Webster and Wright (1938). In 1938, 
an epidemic occurred in Massachusetts 
which involved 44 persons, mostly children, 
with a mortality rate of 65 per cent. In the 
Same area and at the same time, 90 per cent 
of 248 horses which had encephalitis died. 
A laboratory worker suffered a severe at- 
tack in Indiana in 1939 (Olitsky and 
Morgan, 1939) and three other persons had 
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the disease in Texas during 1941-1942 


(Hammon, 1943a). 


CLINICAL PICTURE 


The disease as it occurred in the Massa- 
chusetts epidemic was severe and fulmi- 
nating. As a rule, there were 2 phases. The 
first began suddenly with nausea, vomiting, 
headache, and fever which lasted 24 to 36 
hours and was followed by a short period 
of well-being. After this came the second 
phase with high fever reaching 106° F. at 
times, gastro-intestinal disturbances, drow- 
siness or coma, convulsions, generalized 
rigidity or opisthotonos, paralyses, bulging 
fontanelles, edema of legs and face, and 
cyanosis. As a rule, the acute manifestations 
lasted about a week, extremes being from 
one day to 3 weeks. Of the survivors, about 
60 per cent exhibited sequelae varying from 
emotional instability to various types of 
paralyses and mental deterioration (Farber 
et al., 1940). 

Leukocytosis of 14,000 to 66,000 cells per 
c.mm, of which 90 per cent were poly- 
morphonuclear cells, was present. The cere- 
brospinal fluid was under increased pres- 
sure with a pleocytosis up to 1,000 cells of 
which polymorphonuclear cells predomi- 
nated during early stages of the disease: 
later mononuclear cells predominated, Pro- 
tein was increased and_ the sugar was 
normal in amount, 

In spite of the severity of the average 
attack, there is a certain number of human 
beings who, as first shown by Olitsky and 
Morgan (1939) and later by others, de- 
velop no clinical reaction after infection 
with the virus but show specific neutralizing 
antibody ; how frequently such clinically in- 
apparent infections occur is unknown. 


Patuotocic PicturE 


On macroscopic examination, generalized 
visceral congestion and pulmonary edema 
were observed. The brain showed marked 
congestion, edema and flattening of the 
convolutions. On microscopic examination. 
inflammation of the meninges was noted 
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and lesions were found widespread through- 
out the brain but mainly in the brain stem 
and basal ganglia, the cord often being 
spared or exhibiting only mild changes. The 
pathologic changes in the nervous tissue 
consisted of severe destruction of neurons 
and ground substance, perivascular cuffing, 
and plaques of encephalomalacia. In acute 
cases the infiltrating cells were polymorpho- 
nuclear leukocytes; in patients succumbing 
a week after onset of illness, mononuclear 
cells predominated. Small blood vessels re- 
vealed disorganization of their walls and 
endarteritis with deposition of fibrin and 
formation of thrombi. 


IeXPERIMENTAL INFECTION; Host RANGE 
The eastern virus is, in general, more 
invasive and has a greater degree of viru- 
lence in experimental animals than has the 
western; this is reflected by a shorter incu- 
bation period, more rapid death and a 
higher titer of virus in CNS tissues. Other- 
wise it induces an experimental disease 
similar to that caused by the western virus 
and the host range is also similar with the 
exception that sheep, cats, hedgehogs, and 
quail have been shown to be susceptible to 
the virus given intracerebrally (v. supra, 
western equine encephalitis). 


ETIOLOGY 


The properties of the eastern virus are 
in general similar to those of western 
(v. supra). The size of both active agents 
is approximately the same; Beard (1945) 
reports that the component obtained by 
ultracentrifugation which carries the eastern 
agent has a sedimentation constant of 273 
Svedberg units instead of 265 which was 
found for the western virus. Beard (1945) 
also states that the number of particles of 
eastern virus per 0.05 cc, necessary for in- 
fection of mice is of the order of 250. It 
should be borne in mind, however, that the 
accuracy of such a statement necessarily 
depends on the purity of the preparation 
of virus being studied (v. supra, Japanese B 
and western equine encephalitis). It has 
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been reported that the active agent (Ten- 
Broeck and Herriott, 1946) is inactivated 
by one of the mustard compounds, bis 
(beta-chloroethyl) sulfide, without losing its 
antigenicity, 

Although the eastern and western viruses 
are similar in many respects, even to the 
sort of antibodies produced and the time of 
their appearance (v. supra), they are, never- 
theless, serologically and immunologically 
distinct. When the eastern agent was in- 
jected extraneurally in young and old mice, 
it was found (Morgan, 1941) that the ca- 
pacity to be immunized increased with the 
age of the animal; i.e., old mice produced 
a higher level of antibody at a more rapid 
rate than did young ones. With the eastern 
and western viruses Olitsky, Sabin and Cox 
(1936) and Sabin and Olitsky (1938a) dem- 
onstrated the development with age in the 
tissues of mice of a physiologic, if not an 
anatomic, barrier beyond which periph- 
erally inoculated virus did not pass, In this 
way they account for the fact that old mice 
do not die after peripheral inoculation of 
eastern and western equine viruses. 


DIAGNOsIS 
The procedures for diagnosis are similar 
to those mentioned for St. Louis and western 
equine encephalitis (v. supra). 


TREATMENT 
No specific treatment is available, 


EpIDEMIOLOGY 


The disease in horses and mules is at 
present distributed over the Eastern United 
States and Canada (Ontario), Mexico, 
Panama, Cuba, and Brazil. Only 3 states 
of the Union, Alabama, Michigan and Texas 
are known to harbor both eastern and 
western forms. In Massachusetts during 
July through October, 1938, the disease at- 
tacked human beings and_ horses; the 
median date for reported deaths in horses 
was August 27th, two weeks earlier than a 
similar date for human deaths. Of the 
human beings attacked in this outbreak, 
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70 per cent were under 10 years of age; 
25 per cent were less than one year, the 
youngest being one month old; and 15 per 
cent were more than 21 years of age. Both 
sexes were equally attacked. During the fall 
of that year the disease was detected in 
pheasants and a pigeon caught in the same 
area. The results of experiments with the 
eastern agent led TenBroeck (1938, 1940) 
to conclude that birds are more likely than 
horses to act as reservoir hosts; he also 
demonstrated that birds may have viremia 
without apparent signs of infection, Evi- 
dence indicates that certain Aedes mos- 
quitoes, especially those that infest the salt 
marshes where the greatest numbers of 
equine cases arise (TenBroeck), may serve 
as vectors of the disease. Merrill, Lacail- 
lade and TenBroeck (1934) showed that 
the western virus multiplies in Aedes 
aegypti mosquitoes while the eastern virus 
multiplies in the Aedes sollicitans mosqui- 
toes, thus demonstrating for the first time 
multiplication in mosquitoes of a virus de- 
rived from animals. Six of 21 species of 
Aedes mosquitoes have been experimentally 
infected with the eastern virus; of the 6, 
3 were salt marsh species and 3 fresh water ; 
of the former, Aedes sollicitans is said to be 
the most important; of the latter, Aedes 
vexans, Finally, Merrill and TenBroeck 
(1935) demonstrated that the virus does not 
penetrate the intestinal mucosa of the 
Aedes aegypti mosquito; if, however, it is 
inoculated into the body by needle punc- 
ture, it persists and can be transmitted, 


ConTROL MEASURES 


Specific antiserum prevents the disease in 
experimental animals; its use in man must 
await further tests. Formalin-inactivated 
vaccines prepared from infected chick em- 
bryos have been used successfully for pre- 
vention of the disease in equine animals. 
The general principles of active immuniza- 
tion with such vaccines have been described 
by Olitsky and Cox (1936) and by Cox and 
Olitsky (1936). While the vaccine has not 
as yet had a trial in human beings in the 
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face of an epidemic, it has been given to 
persons who from the nature of their work 
are exposed to the virus; it is not as yet 
recommended for mass immunization of 
human populations. Mosquito control 
should be considered in any program for 
prevention of the disease. 


VENEZUELAN EQUINE 
ENCEPHALITIS 


(Synonym: Peste loca) 


INTRODUCTION 


Venezuelan equine encephalitis is a dis- 
ease primarily of equine animals; its causal 
agent is distinct from that of eastern and 
western equine encephalitis; it is transmis- 
sible to human beings in whom it usually 
induces a mild disease of a varied syndrome. 


HIstory 


During 1935, an encephalitis was ob- 
served in horses and mules in Colombia. 
In 1938 a severe epizootic swept over 
Venezuela; the agent responsible for this 
outbreak was recovered by Beck and 
Wyckoff (1938) and Kubes and_ Rios 
(1939) from the brains of animals that had 
died of the disease, Later the disease was 
reported in Ecuador and Trinidad, and re- 
cently in Panama (A. B. Sabin, personal 
communication), Human infections have 
been reported by Casals, Curnen and 
Thomas (1943) and by Lennette and Ko- 
prowski (1943); they occurred in labora- 
tory workers and were mild. Other nonfatal 
human infections were observed in Argen- 
tina in 1944. In 1943, two fatal infections 
in human_ beings occurred in Trinidad 
(Randall and Mills, 1944; Gilyard, 1945). 


CLINICAL PICTURE 


The precise incubation period of the dis- 
ease is unknown; it is probably short, from 
two to five days. As a rule persons infected 
with this virus during laboratory investiga- 
tions do not show definite neurologic or 
encephalitic signs or symptoms ; on the con- 
trary, they present the picture seen in acute 
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febrile infections such as influenza: the 
symptoms are generally mild; headache and 
fever are prominent. In addition, gastro- 
intestinal disturbances, tremor, myalgia, 
diplopia, and lethargy may be noted. Signs 
and symptoms persist for 3 to 5 days in 
mild cases and for 8 days in more severe 
attacks, after which prompt and complete 
recovery takes place. In the two cases in 
Trinidad, acquired under natural condi- 
tions, the onset was acute with definite signs 
and symptoms of encephalitis which were 
followed by coma and death. Neutralizing 
antibody has been found in persons without 
any history of having had the disease: these 
are assumed to represent instances of clini- 
cally inapparent infections. Little is known 
as yet concerning changes in the blood 
and spinal fluid. The pathologic picture in 
human beings has not been sufficiently 
studied to warrant comments. 


I-XPERIMENTAL INFECTION ; Host RANGE 


In addition to equine animals, the virus 
is pathogenic by intracerebral route for 
mice, guinea pigs, rabbits, rats, dogs, cats, 
sheep, goats, and partially so for pigeons. 
Chick embryos are susceptible. Cattle are 
resistant. The pathology of the experimental 
infection is that of a nonpurulent inflamma- 
tion of the brain characteristic of the viral 
encephalitides. A distinctive feature of the 
virus is its high virulence for adult animals 
when inoculated by peripheral (nonneural) 
routes; when administered in this way as 
little as 10-* or 10-7" dilutions of mouse- 
adapted virus may infect mice. In the natu- 
ral disease of man and equine animals and 
in experimental infections, the virus has 
been found in the CNS and also in the 
blood under the latter conditions. The 
active agent is recovered not only from the 
nasopharynx of human beings infected acci- 
dentally in the laboratory but also from 
their blood; this is a characteristic feature 
of the malady. 


ETIOLOGY 


Little is known of the properties of the 
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virus, It is filterable through Berkefeld N 
and Seitz filters; it can be preserved in 50 
per cent buffered glycerol, by being held in 
the frozen state at —70° C., and by lyo- 
philization. It grows well in the Maitland 
type of tissue culture and in embryonated 
hens’ eggs. Convalescent human beings and 
lower animals immunized with vaccines de- 
velop specific neutralizing and complement- 
fixing antibodies; they appear from 1 to 2 
weeks after onset of infection, but how long 
they endure is still to be determined, 


DIAGNOSIS 


A specific diagnosis can be made only by 
laboratory procedures, i.e., by identification 
of the virus isolated from CNS tissue, blood 
or nasopharyngeal washings, or by finding 
neutralizing or complement-fixing anti- 
bodies during convalescence (v. supra, St. 
Louis encephalitis). 


‘TREATMENT 
There is no specific treatment, 
EPIDEMIOLOGY 


The known distribution of the natural 
disease is af present in northern South 
America and Panama, The reservoir of the 
virus is still to be found. Its mode of trans- 
mission in man may vary; in certain in- 
stances, such as in laboratory infection, 
it may be by droplet or dust infection. 
Gilyard (1944) that A/ansonia 
titillans, a culicine mosquito, and Aedes 
taeniorhynchus may transmit the disease to 
horses and human beings. Since man may 
become infected through the upper respira- 
tory tract and since the virus is found in the 
nasopharyngeal washings of infected human 
beings, at some future date an epidemic may 
occur in a human population without the 
aid of an insect vector. 


considers 


ContTROL MEASURES 
A formalin-inactivated vaccine prepared 
from infected chick embryos (Kubes and 
Rios, 1939) has been used in Venezuela for 
prevention of the disease in horses. Any 
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program for prevention should include 


insect control. 


LOUPING-ILL 


(Synonyms: Ovine encephalomyelitis ; 
thwarter-ill; trembling-ill; /a trem- 
blante du mouton) 


INTRODUCTION 


Louping-ill is a natural disease of sheep 
characterized chiefly by cerebellar ataxia 
and on occasions has attacked man in whom 
is induced a mild nonfatal type of encepha- 
litis, It should be differentiated from tick- 
borne fever of sheep (Gordon et al., 1932). 


HIstTory 


The disease in sheep, which has been 
known in Scotland and North England since 
1807 or even earlier, produces a diphasic 
fever. During the first phase, viremia oc- 
curs; in the second, no viremia is present 
but neurologic disturbances appear, espe- 
cially cerebellar ataxia characterized by a 
leaping motion, whence the name louping- 
ill. The causal virus was discovered in 1930 
by Pool, Brownlee and Wilson at the 
Moredun Institute in Scotland, where the 
major studies on the veterinary disease have 
been conducted. Rivers and Schwentker 
(1934) were the first to report infection of 
human beings by the virus; it occurred 
accidentally in workers investigating the 
active agent. In 1943, a close serologic re- 
lationship between the virus of louping-ill 
and that of Russian Far East encephalitis 
was demonstrated (Casals, 1944). Russian 
observers (Sergeev, 1944; Silber and Shu- 
bladze, 1945) have reported the presence of 
louping-ill in White Russia, not only in 
sheep, but in man. This is a disturbing ob- 
servation because no human case has been 
noted in Scotland where the disease has 
been enzootic and epizootic for a long time. 


CLINICAL PICTURE 


The incubation period of the disease in 
persons infected during laboratory investi- 
gations on the virus is unknown, If it is 
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similar to the natural or experimental in- 
fection in lower animals, it would be 5 to 
14 days. The disease in man is diphasic as 
in sheep. A preliminary episode, enduring 
about a week, of fever, headache, gastro- 
intestinal derangement, malaise, and pros- 
tration is followed by clinical improvement 
which may also last a week, Then follows 
a recrudescence characterized by fever, 
headache, diplopia, lethargy, nuchal rigid- 
ity, blurring of the optic discs, and weak- 
ened deep reflexes; mental confusion may 
be present. The disease endures for 4 or 5 
weeks and terminates in complete recovery. 
The malady in Russia called louping-ill is 
clinically indistinguishable from Russian 
Far East encephalitis (v. mfra) and an 
unknown number of patients have died 
(Sergeev, 1944). 

White blood cell counts may be as high 
as 17,000 per c.mm. The cerebrospinal fluid 
is under increased pressure; there is a pleo- 
cytosis usually of mononuclear cells; the 
amount of protein is greater than normal, 


PATHOLOGIC PICTURE 


In the natural or experimental infection 
of sheep and in the experimental disease of 
laboratory animals, the lesions are those of 
a diffuse meningo-encephalomyelitis. The 
outstanding feature is the pronounced, often 
complete, destruction of the Purkinje cells 
of the cerebellum (Hurst, 1931), which is 
also present in Japanese B_ encephalitis 
(Fig. 27, bottom, right). Cytoplasmic in- 
clusion bodies in the mouse have been 
described by Hurst (1931). In fatal human 
cases in Russia (Sergeev, 1944) the cere- 
bellum is said to reveal considerable neu- 
ronal destruction (Silber and Shubladze, 
1945). 


EXPERIMENTAL INrEcTION; Host RANGE 


Lambs, sheep, mice, rhesus monkeys, 
hamsters, and voles are susceptible to ex- 
perimental infection; all show viremia and 
therefore their organs, as well as CNS tis- 
sue, yield virus. Rats develop inapparent 
infection with multiplication of the virus 
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in the CNS; rabbits and guinea pigs are 
wholly resistant. Pigs are susceptible, but 
serial passage in them is limited. There is 
evidence that cattle contract the disease if 
kept in infected areas. 

Mice are the experimental animals of 
choice and can be infected intracerebrally 
with 10% dilutions of virus suspensions ; 
when inoculated by peripheral routes they 
are only moderately susceptible, From 5 to 
14 days after inoculation, mice develop 
apathy or hyperesthesia, ruffled fur, tremor, 
ataxia, and paresis; thereafter, within 1 to 
5 days, prostration develops which is fol- 
lowed by death, Virus can be found in the 
blood on the second day after intracerebral 
or intranasal inoculation; it can be found 
in the brain on the first day after inocula- 
tion or about 2 to 4 days before clinical 
signs of infection are manifested. 

ETIOLOGY 

The diameter of the virus as determined 
by filtration through gradocol membranes 
is 15 to 22 millimicrons; as estimated from 
results of ultracentrifugation, 22 to 27 milli- 
microns, It is filterable through Berke- 
feld V, N and W candles, through Seitz 
pads, and through Chamberland Ly and Ls 
filters. It can be preserved in 50 per cent 
buffered glycerol, by being held in the 
frozen state at about —70° C., and by lyo- 
philization. It retains its activity best at 
pH 7.5 to 8.5 in the cold; it is rapidly in- 
activated at room temperature, a 90 per 
cent drop in infectivity occurring within 
24 hours even at pH 7.6, In a suspension of 
mouse-brain tissue the virus is inactivated 
at 80° C. in 30 seconds, at 60° C, in 2 
minutes, and at 58° C. in 10 minutes, In a 
similar suspension at pH 7.3 it is electro- 
negatively charged (Lépine, 1931). It is 
rapidly inactivated by methylene blue in 
the presence of light and by bile salts. 

The virus can be cultivated in Li-Rivers 
medium of minced viable chick-embryo tis- 
sue suspended in Tyrode’s solution, The 
inoculation of the chorio-allantoic mem- 
brane of 10-day-old chick embryos with 
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large amounts of virus may cause their 
death within 6 days, at which time necrosis 
of the liver, generalized edema, and jaundice 
are found, Virus is present in the blood 2 to 
6 days after inoculation and in the chorio- 
allantoic membrane 
10~* within 2 days. 

Convalescent human beings, or those 
having had clinically inapparent infection, 
exhibit neutralizing (Rivers and Schwentker, 
1934) and complement-fixing (Casals and 
Palacios, 1941) antibodies. The exact time 
of their appearance is not known, but they 
persist for at least eight years. Neutralizing 
antibody has been found in mice, monkeys 
and sheep after infection or immunization ; 
complement-fixing antibody has also been 
found in mice (Casals, 1944). 


it reaches a titer of 


DIAGNOSIS 


If the observations on the occurrence of 
the disease in White Russia are confirmed, 
then one can say that fatal human infection 
with the virus occurs, A specific diagnosis 
of the malady cannot be made from the 
clinical signs or symptoms or from the 
pathologic picture. It can be determined, 
however, by the identification of the virus 
from the blood or cerebrospinal fluid during 
life, or from the CNS tissue secured at 
necropsy ; it can be made also by means of 
the proper serologic tests. It is of interest 
in this relation to mention the fact that 
Rivers and Schwentker (1934) failed to iso- 
late the virus from the first recorded human 
infections, but by the application of the 
neutralization test they were able to show 
that this veterinary malady does attack 
man. At present, both neutralization and 
complement-fixation tests are available for 
diagnosis in the manner described for St. 
Louis encephalitis. It should be noted, how- 
ever, that louping-ill virus and the Russian 
Far East virus are closely related as evi- 
denced both by neutralization and comple- 
ment-fixation tests and by cross-immunity 
tests, Although some difficulty may arise in 
differentiating one of these agents from the 
other, it can be resolved if one keeps in 
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mind the fact that an antiserum gives a 
more pronounced reaction with its homol- 
ogous virus than with the heterologous 
agent and that in cross-immunity tests the 
crossing occurs only when the challenge 
doses of virus are injected into immune ani- 
mals by peripheral routes instead of intra- 
cerebrally. 
EPIDEMIOLOGY 

The tick, /xodes ricinus, is the vector re- 
sponsible for the disease which occurs in 
sheep most frequently in the spring and 
summer, The active agent through trans- 
ovarian passage goes from one generation 
of infected ticks to the next. By what 
means the laboratory infections in man have 
arisen has not been determined: one can 
postulate the possibility of droplet or dust 
infection. It is reported (Silber and Shu- 
bladze, 1945) that the tick, Zxodes ricinus, 
is found in White Russia and harbors the 
virus of louping-ill. 


CoNTROL MEASURES 


Formolized suspensions of virus have 
been used successfully in Scotland for pre- 
vention of the disease in sheep. Tick con- 
trol is an important preventive measure. 


RUSSIAN FAR EAST 
ENCEPHALITIS 


(Synonyms: Russian spring-summer en- 
cephalitis; Russian spring or summer 
encephalitis: Russian forest-spring en- 
cephalitis ; Russian tick-borne encepha- 
litis; Russian endemic encephalitis) 


INTRODUCTION 

Russian Far East encephalitis is a dis- 
ease occurring in spring and early summer, 
mainly in the Far East provinces of the 
Soviet Union and less frequently in Euro- 
pean and Siberian Russia; the vector of the 
virus, which is closely related to that of 
louping-ill, is a wood tick. 


History 
The disease was observed in Far East 
Russia in 1932. The causal virus was dis- 
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covered in 1937 (cf. Silber and Soloviey, 
1946) and was shown to be present in the 
brain, blood, spinal fluid, liver, and spleen 
of infected human beings. Smorodintsev 
(1940) reported that Russian workers re- 
gard this agent to be closely related to the 
virus responsible for Japanese B encepha- 
litis; however, Casals (1944) showed that 
no such relationship exists. 


CLINICAL PICTURE 


After an incubation period of 10 to 14 
days, the disease in human beings suddenly 
manifests itself by headache, nausea, vomit- 
ing, hyperesthesia, photophobia, and fever. 
Fever usually lasts for 5 to 7 days, some- 
times for 13, and falls either by lysis or by 
crisis; during the febrile period viremia 
may exist. Soon after onset of illness, pa- 
tients exhibit signs and symptoms of 
meningoencephalitis or polioencephalitis, 
the development of particular signs and 
symptoms depending on the location of le- 
sions in the central nervous system, Flaccid 
paralysis of the shoulder-girdle muscles is 
a distinctive feature of this disease. In an 
epidemic may be seen (a) abortive infec- 
tions causing fever for 3 to 5 days and 
ending in full recovery of the patients ; 
(b) moderately severe meningoencephalitis 
followed by recovery of 80 per cent of the 
patients within 1 or 2 months, or by per- 
manent neurologic or psychotic sequelae 
without parkinsonism in 20 per cent of the 
patients; and (c) severe or fulminating 
meningoencephalitis with death usually 
within 1 to 7 days. 

The white blood cell count is usually 
about 10,000 per c.mm. The spinal fluid is 
clear and under pressure and shows a lym- 
phocytic pleocytosis of 50 or more cells; 
the amount of protein is increased; the 
amount of sugar is not significantly changed, 


PATHOLOGIC PICTURE 


At necropsy, the CNS reveals a meningo- 
encephalomyelitis in which neuronal ne- 
crosis and neuronophagia in the spinal cord, 
and mesodermal and glial reactions through- 
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out the brain and cord are more pronounced 
than are such phenomena in most of the 
other viral encephalitides. The blood ves- 
sels of the CNS are said to show a thrombo- 
vasculitis; the spleen shows hyperplasia ; 
parenchymatous degeneration is found in 
the liver, kidney and heart. 


EXPERIMENTAL INFECTION; Host RANGE 


The virus is pathogenic for rhesus 
monkeys especially after intracerebral inoc- 
ulation. Guinea pigs show only fever after 
inoculation, and the disease in them is not 
transmissible in series. Sheep, goats, ham- 
sters, linnets, siskins and goldtinches are 
susceptible. Rabbits, pigeons and rats are 
insusceptible; at times gray rats may ex- 
hibit viremia after intracerebral inoculation, 
Many kinds of wild rodents and birds are 
found in nature with a viremia but appear 
to be otherwise unaffected by the natural 
infection (Silber and = Soloviev, 1946). 
Albino mice are the experimental animals 
of choice; irrespective of their age, periph- 
eral and intracerebral inoculations of virus 
are about equally effective, as little as 10 ° 
dilutions of mouse-adapted virus sufficing 
for infection. In this species, the incubation 
period is from 5 to 13 days, depending on 
route of inoculation and dose of virus given ; 
the disease manifests itself by convulsions 
and paralysis, which are followed by death 
within a day or two after the first signs of 
illness. The virus is found in the blood, 
brain and other organs; according to Silber 
and Soloviev (1946), it is also present in 
the urine, 


ETIOLOGY 


The diameter of the virus, as determined 
by filtration through gradocol membranes, 
is from 15 to 25 millimicrons. It passes 
through Berkefeld V and N and Chamber- 
land L» and Lg filters. The virus is inacti- 
vated by a temperature of 60° C. within 
10 minutes, by 0.5 per cent formalin within 
48 hours, by 3 per cent lysol within 20 
minutes, and by 1 per cent phenol within 
10 days, Its maximum stability is at pH 7.4 
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to 7.8; it can be preserved in 50 per cent 
glycerol in the cold, by being held at a 
temperature of —70° C., and by lyophiliza- 
tion, It is cultivable in the Maitland type of 
tissue cultures and in embryonated hens’ 
eggs. 

Complement-fixing and neutralizing anti- 
bodies are detectable in human beings 15 to 
20 days after onset of illness; the neutraliz- 
ing antibody and the complement-fixing 
antibody are known to persist for at least 
2 years, Casals and Olitsky (1945) demon- 
strated that neutralizing antibody and 
complement-fixing antibody appeared in 
mice on the second and sixth days, respec- 
tively, after immunization with formolized 
virus; the former persisted practically 
throughout the life of mice, but the latter 
endured for only 4 months. They also re- 
ported that 2 injections of the vaccine in- 
duce in mice a solid immunity to virus 
given peripherally that endures almost 
throughout life; active Far East virus is 
therefore not essential for production of a 
lasting, staunch immunity, Moreover, a 
correlation was found to exist between the 
level of neutralizing antibody in the blood, 
as determined by the peritoneal test, and 
the degree of immunity to virus introduced 
peripherally, but not to virus inoculated 
intracerebrally, The cross-reactions between 
the Far East and louping-ill agents have 
already been described (v, supra, louping- 


ill). 


DIAGNOSIS 


Diagnosis of Russian Far East encepha- 
litis can be made only by isolation and 
identification of the virus or by serologic 
methods, as described in the section on st. 
Louis encephalitis. The serologic and im- 
munologic reactions of the Far East agent 
must be differentiated from those of louping- 
ill virus since there are cross-reactions be- 
tween the two (v. supra, louping-ill). 


TREATMENT 


Specific serotherapy has been used by 
Russian workers who gave hyperimmune 
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goat serum in the early phases of the dis- 
ease; there is at present no uniformity of 
opinion on its value. 


EPIDEMIOLOGY 


The disease appears most frequently in 
May and June and continues through the 
summer at a diminishing rate; thus, it is 
unlike the Japanese and St. Louis encepha- 
litis which usually appear in July or August. 
Epidemics break out in forest industrial 
centers, such as lumber camps, or among 
forest workers living in villages, but not 
among people inhabiting cities. The highest 
mortality is among males 20 to 30 years 
old; children under 5 years of age are rarely 
attacked, Difference in morbidity rates ob- 
served in different groups of a population 
may be accounted for by differences in ex- 
posure to infected wood ticks. The overall 
mortality rate is 30 per cent. The vector is 
suspected to be a wood tick, /xodes persul- 
catus. Virus has been found in nymphs and 
adult ticks caught in nature and is trans- 
mitted to their progeny by transovarian 
infection. The disease has been produced 
experimentally in mice by the bites of in- 
fected ticks. The reservoir of the virus in 


nature is believed by Russian observers to™ 


be woodland mammals and birds. 


ContTrRoL Merasures 


It has been reported (cf. Silber and Solo- 
viev, 1946) that the experimental disease 
can be prevented in mice by giving them 
hyperimmune goat or human convalescent 
serum 1 to 10 days before exposure to the 
virus or during the incubation period. The 
use of immune serum is advised by Russian 
workers, especially after laboratory acci- 
dents or tick bites in endemic zones, Smoro- 
dintsev (1944) perfected a vaccine consist- 
ing of formalin-inactivated virus in mouse- 
brain tissue which he states is effective for 
prevention of the disease, Tick control is 
important as a preventive measure. 


ENCEPHALITIDES 


LYMPHOCYTIC CHORIO- 
MENINGITIS 


(Synonyms: LCM; choriomeningitis ; 
maladie d’Armstrong) 


INTRODUCTION 


Lymphocytic choriomeningitis is an en- 
demic viral infection of lower animals, espe- 
cially the mouse, in which the CNS and 
particularly the meninges and choroid plex- 
uses are involved; it is transmissible to man 
in whom the infection produces a marked 
diversity of signs and symptoms. 


History 


Wallgren (1925) used the term acute 
aseptic meningitis to designate a clinical 
syndrome in man that he thought was a 
nosologic entity. He described it as an acute 
febrile, nonfatal malady characterized by 
symptoms and signs of meningeal irritation 
and associated at times with infection of 
the upper respiratory tract. Now it is known 
that acute aseptic meningitis is not a noso- 
logic entity but represents a clinical syn- 
drome which may be caused by more than 
one etiologic agent, one of which is the virus 
of lymphocytic choriomeningitis, This virus 
was accidentally discovered by Armstrong 
and Lillie (1934) in a monkey being used 
for study of the virus of St. Louis encepha- 
litis. The name lymphocytic choriomenin- 
gitis virus was given to the agent because 
of the marked reaction produced by it in the 
choroid plexus and meninges of monkeys. 
Traub (1935) showed that normal-looking 
albino mice harbor the virus and he voiced 
the opinion that the mouse is the natural 
host. Rivers and Scott (1935) recovered the 
active agent from the cerebrospinal fluid of 
human beings ill with what had been diag- 
nosed as Wallgren’s acute aseptic menin- 
gitis. Lépine et al, (1937) demonstrated 
that by subcutaneous injection of virus from 
mice, performed as a therapeutic measure, 
lymphocytic choriomeningitis could be in- 
duced in human beings and that the disease 
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is transmissible from man to man by means 
of intramuscular inoculations of infected 
blood. 


CLINICAL PICTURE 


Infection by this virus may assume a 
number of different clinical forms (Smadel 
et al., 1942), such as aseptic meningitis, 
“srippe,’ meningo-encephalomyelitis, and 
acute fatal systemic disease; often it is 
clinically inapparent. In most instances the 
meningeal and grippal types prevail. After 
an unknown period of incubation, the onset 
is sudden, frequently with symptoms and 
signs similar to those of influenza, In many 
patients, this is all that happens and re- 
covery ensues promptly. In others, the 
grippal phase is followed by definite signs 
of meningitis which may endure for about 
2 weeks; complete recovery is the rule. 
During the febrile period, virus is found 
in the blood, the cerebrospinal fluid, urine, 
and nasopharyngeal secretions. In the other 
neurologic or systemic forms, which are 
seen only occasionally, the disease takes on 
the syndrome referable to the extent and 
location of lesions in the CNS or other 
organs; these forms are sometimes fatal. 
The virus can be recovered from the CNS 
or from the lungs of patients dying of the 
disease. There are many instances in which 
neutralizing antibody is found in the blood 
of a person who gives no history of an 
attack of the ailment; these are examples 
of clinically inapparent infection. 

In the experimental disease in man 
(Lépine et al., 1937), the incubation period 
was from 36 to 72 hours which was followed 
by 2 or 3 febrile waves enduring over a 
three-week period; the last febrile reaction 
was accompanied in about 50 per cent of 
the subjects by headache, vomiting and 
positive Kernig sign that lasted for 2 or 
3 days. 

During the acute phase the blood count 
reveals a mild polymorphonuclear leuko- 
cytosis. The cerebrospinal fluid is under in- 
creased pressure; protein is slightly in- 
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creased but the amount of sugar is normal; 
pleocytosis occurs with usual counts of 150 
to 250 lymphocytes per c.mm.; and some- 
times as many as 1,700 to 33,000 per c.mm. 
have been reported, 


PATHOLOGIC PICTURE 


The occasional fatal case of the encepha- 
litic or myelitic type showed inflammatory 
changes in the meninges, ependyma and 
choroid plexuses characterized by marked 
infiltration with lymphocytes (Fig. 28, top, 
left). Otherwise the lesions corresponded to 
those observed generally in the viral en- 
cephalitides, In rare fatal cases of the acute 
systemic type of the disease, the lungs 
and liver showed inflammatory reactions 
(Smadel et al., 1942). 


EXPERIMENTAL INFECTION: Host RANGE 


The virus is transmissible to man, albino 
mice, guinea pigs, monkeys, dogs, rats, gray 
mice, chimpanzees, and chick embryos. 
Rabbits, pigs and birds are apparently in- 
susceptible, The laboratory animals of 
choice for inoculation of the virus are the 
guinea pig and the albino mouse. Mice are 
best infected by intracerebral and intra- 
nasal routes, infection being obtained by 
these routes with 10-7 and 10° dilutions 
of virus, respectively. Mice, 5 to 12 days 
after inoculation, develop tremors and con- 
vulsions which characteristically terminate 
in a few seconds in generalized rigidity: 
death occurs in 1 to 3 days after onset of 
illness. If small doses of the virus are inoc- 
ulated peripherally, a nonfatal infection 
may be induced which immunizes the ani- 
mals: large doses may cause fatal infection 
after intraperitoneal administration, Guinea 
pigs, like mice, are best infected by the 
intracerebral route; after subcutaneous or 
intraperitoneal inoculation, death may occur 
within 9 to 16 days. The virus can be found 
in the brain, blood, spleen, lungs and urine 
of mice and guinea pigs, and, according to 
Shwartzman (1944a), is firmly associated 
with their erythrocytes. The pathologic pic- 
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ture in mice and guinea pigs, after intra- 
cerebral injection, is characterized by lym- 
phocytic infiltration of the choroid plexuses 
and the meninges at the base of the brain: 
often there is a concomitant encephalitis ; 
pathologic changes in various organs can 
be found. Different strains of the virus vary 
greatly in their pathogenicity for and be- 
havior in experimental animals. 

The virus occurs naturally in several spe- 
cies of animals; mice, guinea pigs, monkeys 
and dogs have been found to harbor it. 
Traub (1935) found that the spontaneous 
disease in mice is transmitted by mothers 
to their young in utero or shortly after birth 
and that the virus is propagated or main- 
tained in a colony by normal-appearing 
carriers. 


ETIOLOGY 


The diameter of the virus is from 40 to 
60 millimicrons as determined by filtration 
through gradocol membranes, and from 37 
to 55 millimicrons as estimated from 
results of ultracentrifugation, It passes 
through Berkefeld V, N and W candles and 
Seitz filters. It is preserved in 50 per cent 
buffered glycerol, by being kept in the 
frozen state at —70° C., and by lyophiliza- 
tion; in a brain suspension it is not stable 
at room temperature. It can be cultivated 
in vitro in minced viable chick-embryo tis- 
sue suspended in a mixture of salt solution 
and serum. It also grows well in 11- or 12- 
day-old chick embryos: the membranes and 
brains yield virus with a titer of 10 by 
intracerebral titration in mice. Infected em- 
bryos hatch, however, and the chicks sur- 
vive. Smadel and Wall (1941) have dem- 
onstrated the presence of a specific soluble 
substance separable from the active virus 
in the organs, chiefly spleens, of infected 
guinea pigs and mice. 

Complement-fixing and neutralizing anti- 
bodies appear in the serum of convalescent 
human beings; the former is first noted 
from about 1 to 3 weeks after onset of ill- 
ness, the latter not until 6 to 10 weeks. 
Neutralizing antibody is known to persist 
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for at least 3 years in persons who have 
had the disease, while the amount of com- 
plement-fixing antibody begins to decline 
3 to 6 weeks after the onset of an attack. 
Both kinds of antibody are also produced 
in experimental animals after infection with 
active virus or after immunization with in- 
active virus; both appear within 10 days; 
how long they endure is not known. 


DIAGNOSIS 


The diagnosis is made by the isolation 
and identification of the virus and by sero- 
logic tests. The active agent may be ob- 
tained from the blood or cerebrospinal fluid 
of patients; at necropsy it is found in CNS 
tissues. One should be certain that the stock 
of animals used for diagnostic purposes is 
free from the virus. Serologic tests are per- 
formed with paired sera, acute phase and 
convalescent, as indicated in the section on 
St. Louis encephalitis. Since complement- 
fixing antibody appears before neutralizing 
antibody, the second or convalescent serum 
should be collected about 3 weeks after 
onset of illness for complement-fixation tests 
and about 6 to 10 weeks for neutralization 
tests. 


TREATMENT 


There is no specific treatment. Sulfon- 
amide compounds influence neither the virus 
nor the experimental disease induced by it. 


EPIDEMIOLOGY 


The disease occurs chiefly in persons from 
20 to 30 years of age, males and females 
being equally affected. Most cases occur 
during the winter and spring. Its incidence 
in the United States can be inferred from 
the fact that 11 per cent of 2,000 sera col- 
lected at random from persons who offered 
no history of being attacked, showed neu- 
tralizing antibody (Armstrong, 1940-1941), 
The disease, moreover, assumes an impor- 
tant role in public health because its virus 
is present in certain lower animals com- 
mensal with man, such as the gray or house 
mouse (Mus musculus). The virus escapes 
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from the mouse by way of the nasal secre- 
tions, semen, urine and feces, thus possibly 
contaminating the habitat of man, It is con- 
ceivable that dust may be effective in trans- 
mitting the disease to man (Armstrong, 
1940-1941), The virus most likely enters 
man by way of the upper respiratory tract. 
Shaughnessy and Milzer (1939) suggested 
that arthropods, such as culicine mosqui- 
toes, stable flies, wood ticks, and body lice, 
serve as vectors for transmitting the disease 
from infected rodents to normal rodents and 
from infected rodents to man; this has not 
as yet been proved. 


CONTROL MEASURES 


The elimination of mice or other animal 
carriers of the virus from human habita- 
tions is an important measure for control 
of the disease in a population, A patient’s 
urine should be disinfected since it may 
contain the virus. 


PSEUDO-LYMPHOCYTIC 
CHORIOMENINGITIS 


MacCallum, Findlay and Scott (1939) 
inoculated mice intracerebrally with spinal 
fluid obtained from two patients having the 
signs and symptoms of acute aseptic menin- 
gitis and recovered an active agent which 
they called the virus of pseudo-lymphocytic 
choriomeningitis. It induced in mice, guinea 
pigs and rhesus monkeys an experimental 
disease which was similar in many respects 
to that of lymphocytic choriomeningitis. It 
had, however, a shorter incubation period in 
mice, about 5 days instead of 5 to 12 days, 
and produced in all animals less pronounced 
pathologic changes. It was shown to be 
immunologically distinct from the virus of 
lymphocytic choriomeningitis and much 
larger, being from 150 to 225 millimicrons 
in diameter, as determined by filtration 
through gradocol membranes, instead of 
40 to 60. It is filterable through Berkefeld 
V but not N candles and through Seitz 
filters. The virus can be propagated readily 
on the chorio-allantoic membrane of de- 
veloping chick embryos. It is preserved in 


50 per cent glycerol and by lyophilization ; 
it is inactivated at a temperature of 56° C. 
within 30 minutes and by 0.05 per cent 
formalin at 4° C. within 48 hours. 


SWINEHERD’S DISEASE 

This disease of swine and swineherds is 
also known as maladie des jeunes porchers, 
maladie des porchers, and maladie de Bou- 
chet, and was described by Durand et al. 
(1936). In human beings it is a diphasic, 
febrile, nonfatal affection, attacking young 
adult farm hands and is characterized by 
gastro-enteritis, meningeal signs, a maculo- 
papular rash, and conjunctivitis. It was first 
regarded as similar to lymphocytic chorio- 
meningitis, but later it was found to be a 
distinct nosologic entity. 

After an incubation period of from 2 to 
8 weeks, fever, headache, generalized pains, 
and gastro-intestinal disturbances develop 
which endure for about 4 days. Then, a 
2-day period of well-being ensues which is 
followed by a recrudescence of the disease 
consisting of a meningeal reaction, fever, 
maculopapular rash, and conjunctivitis. 
The second phase endures for 3 or 4 days 
after which there is complete recovery. In 
the first phase, there is viremia; in the sec- 
ond, there is no viremia but the urine and 
feces contain virus. The blood count ex- 
hibits a mild polymorphonuclear leukocy- 
tosis. The cerebrospinal fluid sometimes 
contains virus, is under pressure, has an 
increased amount of protein, and shows a 
marked lymphocytic pleocytosis, 1,400 cells 
per c.mm. being found at times. The patho- 
logic picture is unknown except in pigs that 
succumb to the natural disease; they show 
punctiform hemorrhages in the — brain, 
throat, intestine, and renal pelvis. 

The animals susceptible to the virus by 
gastro-intestinal, conjunctival and nasal 
routes, are young swine, ground squirrels, 
ferrets, mice, and cats. The infection has 
been transmitted to man for therapeutic 
purposes; 21 serial passages were made in 
78 human beings. Of these, 72 developed 
clinical infection and in them the incuba- 
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tion period was approximately 12 days. The 
experimental disease was similar to but 
milder than the natural infection, men- 
ingitis being rarely met with. Rhesus 
monkeys are less susceptible than are the 
animals already mentioned, and rabbits 
and guinea pigs are less susceptible than 
monkeys. Little is known about the proper- 
ties of the virus except that it passes 
through Chamberland L» filters and that 
neutralizing antibody is present in the 
serum of human beings and lower animals 
after recovery from infection. Durand et al. 
(1936) state that the virus is found in the 
urine and feces of hogs. They suggest that 
the hog louse is the vector responsible for 
transmitting the malady to man. There is 
no specific treatment and preventive meas- 
ures depend on the control of the veterinary 
problem. 

Recently it has been reported (Gsell, 
1946) that swineherd’s disease in Switzer- 
land both in swine and in human beings is 
a leptospirosis. However, it is still to be 
determined whether or not two diseases 
have been given the same name, one being 
caused by leptospira the other by a virus. 
Lépine (personal communication) — states 
that outside of Switzerland typical cases 
show no leptospiral agglutinins. 


ENCEPHALOMYOCARDITIS 


Helwig and Schmidt (1945) recovered a 
virus from the spleen and pleural fluid of a 
gibbon that had died of interstitial myvo- 
carditis and pulmonary edema. The agent 
was capable of producing myocarditis and 
paralysis in experimentally infected mice, 
and induced myocarditis in guinea pigs and 
rabbits. Later it was found that hamsters, 
cotton rats and monkeys were also suscep- 
tible, and that the virus was small, less than 
40 millimicrons in diameter. In the brains 
of experimentally infected mice were found 
lesions similar to those commonly occurring 
In neurotropic virus infections, and also 
areas of necrosis chiefly in the cerebellar 
cortex which seemed to result from plug- 
ging of vessels by emboli, The myocardial 
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changes consisted of widespread areas of 
focal necrosis of the musculature, accom- 
panied by cellular infiltration in which 
lymphocytes predominated. In the winter 
of 1945-1946, a febrile illness designated as 
aseptic meningitis occurred among the mili- 
tary personnel in Manila, the etiology of 
which was suspected of being a virus closely 
related to that of encephalomyocarditis. 
The illness in 3 patients studied was char- 
acterized by sudden onset, headache, chills 
and fever; coma, stiff neck, injected 
pharynx and positive Kernig sign were ob- 
served but not in all the patients. Recovery 
was prompt on the third or fourth day. 
The blood showed leukopenia and lympho- 
cytosis; the cerebrospinal fluid revealed 
pleocytosis up to 220 cells and 21 to 95 
per cent lymphocytes. No virus could be 
recovered from the blood or spinal fluid col- 
lected on the fifth to seventh day, but the 
blood serum exhibited neutralization of 
from 100 to 160 lethal doses of the virus of 
encephalomyocarditis ; sera obtained, how- 
ever, on the 23rd to 25th day after illness 
neutralized more than 2,000 lethal doses in 
one case and 30,000 in the other two 
(Smadel, 1947). 


B VIRUS INFECTION 


B virus infection of human beings is an 
acute ascending myelitis associated with 
focal necrosis of the internal organs and is 
caused by the bite of normal-appearing 
monkeys which harbor the causal virus in 
their saliva (Sabin, 1934). The virus was 
isolated by Sabin and Wright (1934) and 
insofar as is known only 3 human cases, all 
fatal, have been recorded. 

The outstanding features of the case 
studied by Sabin, Patient B., hence the 
name B virus infection, were the appear- 
ance of vesiculopustular lesions at the site 
of the monkey bites, developing within 
three days, followed within another three 
days by regional lymphangitis and adenitis. 
A week later began a series of motor and 
sensory disturbances first noted in the lower 
extremities and bladder and followed by an 
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acute ascending myelitis with death in a 
few days. The pathologic picture was that 
of focal necrosis in the spleen, adrenals, 
regional lymph glands, and a meningo-en- 
cephalomyelitis comparable to that of the 
viral encephalitides in general. From the 
brain, cord and spleen a virus was isolated 
by intraperitoneal and intracerebral inocu- 
lation of suspensions of these tissues into 
rabbits. The experimental disease, espe- 
cially after intracerebral inoculation in 
monkeys and peripheral injection in rabbits, 
patterns itself after the human malady, 
and in the induced lesions herpetic-type 
(Cowdry Type A) intranuclear inclusions 
and multinucleated giant cells are found. 
In monkeys that have received the virus 
intravenously, the striking feature of infec- 
tion is the development of an exanthem 
chiefly about the forehead, eyes, conjunc- 
tivae and face and an enanthem on the 
buccal mucosa, tongue and palate, that 
closely resemble the eruption produced by 
intravenous inoculation of vaccine virus. 
Guinea pigs are susceptible, but mice are 
only irregularly so. 

The diameter of the virus is about 125 
millimicrons as determined by filtration 
through gradocol membranes; it is filtera- 
ble through Berkefeld V and N, Chamber- 
land Ls; and a single disk Seitz filters; most 
of it is sedimented from a suspension at 
14,000 r.p.m. for 3'4 hours. It can be pre- 
served in 50 per cent glycerol, by being 
stored on dry ice at about —70° C., and 
by lyophilization, The active agent is cul- 
tivable on the chorio-allantois of the de- 
veloping chick embryo, on which it pro- 
duces lesions, or pocks, indistinguishable 
from those of herpes simplex. Egg-adapted 
virus kills embryos within 6 days; they 
show focal lesions in the viscera, which 
have a high concentration of the active 
agent. Neutralizing antibody is found in 
apparently normal monkeys; the number 
of animals possessing the antibody varies 
with the stock examined. 

B virus has features common to the ac- 
tive agents of herpes simplex and pseudo- 
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rabies. These viruses are not identical even 
though they are serologically related in a 
way somewhat similar to that demonstrated 
for West Nile, St. Louis and Japanese B 
viruses, i.e., the crossing is of a low degree 
and the homologous reactions are more 
marked than are the heterologous. It was 
recently shown, however, that B virus is a 
more inclusive antigen than is the virus of 
herpes simplex (Burnet et al., 1939). The 
serologic crossing that occurs between 
herpes-simplex virus and B virus is fre- 
quently observed in normal human sera; 
whenever neutralizing antibody is present 
against the former agent there is also regu- 
larly a small amount of such antibody 
against the latter (Burnet et al., 1939). 
Pseudorabies agent is more pathogenic for 
guinea pigs and mice than is B virus; both 
are pathogenic for rhesus monkeys, while 
herpes-simplex virus is, as a rule, innocuous 
for this animal. There is no specific treat- 
ment, and prevention of infection consists 
of protection against bites by monkeys. 


MISCELLANEOUS VIRUSES 


West Nive Virus 


The virus (Smithburn et al., 1940) was 
isolated from an African woman with a 
mild fever by intracerebral inoculation of 
her blood serum into mice. Rhesus monkeys 
are also susceptible. Mice and monkeys 
given the virus intracerebrally exhibit en- 
cephalitis, characterized by acidophilic de- 
generative changes in the Purkinje cells. 
Rabbits, guinea pigs and hedgehogs are not 
susceptible. The diameter of the virus as 
determined by filtration through gradocol 
membranes is from 21 to 31 millimicrons. 
It is related to St. Louis and Japanese B 
viruses as revealed by neutralization and 
complement-fixation tests, but not by cross- 
resistance tests (Smithburn, 1942; Casals, 
1944), The degree of crossing is generally 
small, and, while shown mainly by animals 
artificially immunized against the viruses, 
it is occasionally observed in human sera. 
Sera from natives in widely separated 
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localities in central Africa showed neutral- 
izing antibody. Clinically apparent disease 
of the human CNS induced by this virus 
has not been described. 


BwaAMBA FEVER 


Smithburn, Mahaffy and Paul (1941) de- 
scribed in natives of Bwamba, Uganda, a 
mild disease of 4 or 5 days’ duration char- 
acterized by fever, headache, generalized 
pains, conjunctivitis, and skin rash. From 
the blood of 9 natives, a virus was isolated 
by intracerebral inoculation of mice. Four 
or 5 days after intracerebral or intranasal 
inoculation of the virus, mice show a 
viremia and an encephalitis characterized 
by degeneration of pyramidal cells in the 
cortex which have acidophilic intranuclear 
bodies resembling inclusions. Rhesus mon- 
keys are also susceptible; rabbits and 
guinea pigs are not. The diameter of the 
virus as determined by filtration through 
gradocol membranes is from 113 to 150 
millimicrons. It can be preserved by 
lyophilization and by being kept frozen at 
—70° C. It is inactivated at 50° C. within 
30 minutes. The blood serum of the 9 per- 
sons from whom virus had been isolated 
showed no neutralizing antibody during the 
acute phase of the disease, but did possess 
it in convalescence, i.e., between the 12th 
and 576th day after the onset of illness. 


SEMLIKI Forest Virus 


Smithburn and Haddow (1944) described 
the isolation of this virus from Aedes abnor- 
malis mosquitoes caught in nature in 
Uganda. Mice receiving the virus by vari- 
ous routes develop a viremia and an en- 
cephalitis characterized by lesions resem- 
bling those of experimental equine encepha- 
litis. It also induces a lethal encephalitis 
in guinea pigs, rabbits, rhesus and redtail 
(Cercopithecus nictitans ) monkeys; it can 
be propagated in chick embryos. It is un- 
usually resistant to heat, and a temperature 
of 60° C. for one hour is needed for its 
complete inactivation. It has not as yet 
been isolated from man. Human contact 
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with this virus, however, was shown by the 
fact that neutralizing antibody was found 
in 47 normal persons out of 313 tested from 
different localities in Uganda. Among wild 
animals, only primates were found to 
possess neutralizing antibody. 


BUNYAMWERA VIRUS 


The isolation of this virus was accom- 
plished by Smithburn, Haddow and Ma- 
haffy (1946) by the inoculation of a 
filtered emulsion of naturally infected 
Aedes mosquitoes into a rhesus monkey. 
The active agent was easily adapted to mice 
which are susceptible by various routes of 
inoculation and show, after 24 _ hours, 
viremia, convulsions and paralysis which 
terminate rapidly in death. The main 
pathologic changes are in the brain and 
consist of congestion, hemorrhage and 
neuronal necrosis chiefly in Ammon’s horn 
and in the basal ganglia. In rhesus monkeys 
the infection is not always lethal. Rabbits 
are insusceptible. The virus has not as yet 
been shown to cause in nature a clinically 
apparent disease in man or lower animals. 
But that it has produced clinically inap- 
parent infection in human beings is shown 
by the fact that 28 of 298 healthy residents 
of Uganda were found to have neutralizing 
antibody in their serum. 


CALIFORNIA (HAamMMOoN-REEvES) Virus 


This recently discovered virus has been 
found three times in Aedes dorsalis and 
Culex tarsalis caught in San Joaquin Valley, 
California; other parts of the state have 
not as yet been surveyed. The active agent 
is pathogenic for the mouse and cotton rat, 
causing lethal CNS infection. Monkeys, 
guinea pigs and chickens are resistant. 
Ground squirrels and rabbits receiving the 
virus subcutaneously reveal an inapparent 
infection associated with viremia. The virus 
is transmissible to the latter by bites from 
infected mosquitoes. It is cultivable in 
chick embryos. In California, neutralizing 
antibody is frequently found in man, 
rodents and large domestic mammals, but 
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not in birds (Hammon, personal communi- 
cation). 


OTHER VIRUSES 


Recently a number of viruses, in addition 
to those mentioned, that are neurotropic in 
experimental animals have been isolated 
from mosquitoes caught in nature in South 
America, among them being those isolated 
by Roca-Garcia (1944) and called by him 
Anopheles A, Anopheles B and Wyeomyia 
viruses. Their relation to infection of man 
is still unknown. Laemmert and Hughes 
(1947) recovered a virus from Aedes and 
Psorophora mosquitoes caught in the vicin- 
ity of Ilhéus, Bahia, Brazil which possesses 
serologic specificity, produces encephalitis 
in laboratory animals, and against which, 
neutralizing antibody is found in the human 
beings of that locality; it does not cause 
an obvious infection in man. 


ENCEPHALITIS DURING THE 
COURSE OF OTHER VIRAL 
DISEASES 


The encephalitides which occur as a 
phase of primary infections with viruses 
that are ordinarily nonencephalitogenic, 
i.e., those causing herpes simplex, lympho- 
granuloma venereum, mumps, measles, and 
infectious mononucleosis which is probably 
a viral infection, will be discussed in chap- 
ters given to these viral maladies. They 
should, however, be differentiated from the 
postinfection encephalitides which arise 
after a primary viral attack, as happens 
sometimes after influenza, measles, vaccinia 
or other viral maladies (v. infra, postintec- 
tion encephalitis). In the encephalitis aris- 
ing during a primary viral attack, the virus 
causing the initial infection may be still 
active and detectable while the encephalitic 
process goes on, whereas in the postinfec- 
tion group the primary virus is, as a rule, 
no longer recoverable and the primary viral 
syndrome has disappeared or is rapidly 
dropping into the background. Finally, the 
basic pathologic pictures of the former are 
those caused by the direct action of a virus, 
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while in postinfection encephalitides the 
pathologic picture is dominated by the 
characteristic perivascular demyelination 
(v. infra, postinfection encephalitis). 


ACUTE PRIMARY HEMORRHAGIC 
MENINGOENCEPHALITIS 


(SynonyMs: Strimpell’s disease; acute 
epidemic leukoencephalitis ) 


Acute primary hemorrhagic meningo- 
encephalitis is a malady characterized by 
predominance of large or small hemor- 
rhagic foci and perivascular demyelination 
throughout the CNS. It is of interest that 
a hemorrhagic encephalitis occurs spon- 
taneously in horses, acute epizootic leuko- 
encephalitis, first described in 1901. Since 
diagnosis is based on clinical or pathologic 
findings and not on specific etiology, it is 
impossible to say at this time whether or 
not the equine disease has any connection 
with that of man and whether or not all the 
reports of the human malady concern the 
same disease. The human malady was first 
noted in 1881. In western Europe in 1891, 
cases occurred which were regarded as sec- 
ondary to influenza. Thereafter, sporadic 
cases were observed in Russia, Australia, 
England, United States and elsewhere 
(Hurst, 1941; Margulis, Soloviev and Shu- 
bladze, 1944). Margulis et al. (1944) re- 
ported a study of 9 Russian cases conducted 
during 1939-1940; CNS tissue, blood or 
spinal fluid from four patients injected 
intracerebrally in mice yielded a_ virus 
which the investigators regarded as_ the 
causal agent of the malady. 

The length of the incubation period is 
unknown. The onset is acute with fever, 
anorexia, dullness, or irritability for a day 
or two. Then, follows an acute and stormy 
syndrome of convulsions, delirium, nuchal. 
rigidity, coma, and death within a week, or 
recovery after 7 to 20 days of illness. Sur- 
vivors who pass into a chronic stage show 
frequent exacerbations, varying paralyses, 
ataxia, and nystagmus. Pupillary or ocular 
palsies are rare. Survivors may also exhibit 
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permanent sequelae, such as athetoid move- 
ments, paralyses and psychoses. The blood 
count reveals a moderate polymorphonu- 
clear leukocytosis of 10,000 to 20,000 cells 
per c.m.m., and the spinal fluid is clear, 
blood-tinged, under increased pressure, with 
moderate pleocytosis and increased protein. 
The pathologic picture in the CNS is one 
of congestion of arterioles and capillaries ; 
the walls of many vessels are broken and 
surrounding tissues are infiltrated with 
blood. The vascular walls may be necrotic 
and the vessels may be filled with thrombi. 
There are concomitant gliosis, degeneration 
and necrosis of neurons, and inflammatory 
reaction in the gray and white matter, espe- 
cially in the latter, with perivascular infil- 
tration with round and plasma cells. The 
distinctive feature is a perivascular de- 
myelination. The diagnosis should be made 
guardedly since it is based at present only 
on clinical and pathologic pictures that are 
not markedly different from those occurring 
generally in the postinfection encephalitides 
(v. mfra). The report on the causal agent 
(Margulis et al., 1944) needs confirmation. 
The problem here is the differentiation of 
this malady from other demyelinating dis- 
eases, especially since the latter are also 
associated with a greater or lesser degree of 
hemorrhagic reaction. Persons of all ages 
can be attacked, but morbidity is highest 
in young people. Mortality rates vary in 
different outbreaks from 15 to 70 per cent. 
There is no specific treatment, and control 
measures are unknown. 


POSTINFECTION ENCEPHALITIS 


(Synonyms: Acute demyelinating en- 
cephalomyelitis; acute disseminated 
encephalomyelitis; postvaccinal [or 
postmeasles, etc.] encephalitis; acute 
perivascular myelinoclasis: acute pri- 
mary myelinoclasis) 

INTRODUCTION 

Postinfection encephalitis is an acute 

affection of the CNS occasionally arising 

during convalescence from infectious dis- 
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eases, especially those caused by viruses, or 
following vaccination against such diseases 
as smallpox and rabies, or developing spon- 
taneously in certain instances without a 
prior history of disease or vaccination. 


History 


A record of demyelination can be found 
in an atlas of pathology published in Eng- 
land in 1838 to show certain primary forms 
of disease processes. In 1872, acute dis- 
seminated encephalomyelitis, which is now 
known generally as postinfection encephali- 
tis, was observed following smallpox ; it was 


noted in 1886 following measles; in 1887 
following preventive inoculation against 


rabies ; and in 1907 after vaccination against 
smallpox. Outbreaks of postvaccinal en- 
cephalitis, which assumed epidemic propor- 
tions, occurred in England and Holland 
during 1922 and 1924, respectively. In more 
recent times, cases of postinfection en- 
cephalitis have been observed following sev- 
eral other virus diseases, especially mumps, 
varicella and influenza. 


CLINICAL PICTURE 


The clinical picture seen in encephalitis 
that develops during convalescence from 
viral infections depends on the type, extent 
and location of the lesions in the CNS. In 
general, it is encephalitic, myelitic, or ence- 
phalomyelitic. The encephalitic form is com- 
monly seen following vaccination against 
smallpox ; the myelitic type usually occurs 
after antirabic treatment: and both kinds 
are seen with equal frequency after variola. 
Most cases of postinfection encephalitis 
follow measles and vaccination against 
smallpox, and the picture seen under these 
conditions will be described in detail. 

Postvaccinal encephalitis usually  de- 
velops abruptly from 2 to 24 days, average 
10 days, after vaccination. In the encepha- 
litic type, fever, headache, vomiting and 
drowsiness occur which may be followed by 
photophobia, delirium, convulsions, trismus, 
paralyses, transient meeculat weakness, in- 
co-ordination, ataxia, and a variety of dis- 
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turbances of deep and superficial reflexes. 
In the myelitic type, paralyses and sensory 
disturbances are usually present. The 
course of the disease is fairly rapid and 
terminates in recovery within 7 to 14 days, 
or in the death of from 37 to 58 per cent of 
the patients. In most instances recovery is 
complete; this is a striking feature of post- 
vaccinal encephalitis when compared with 
postmeasles encephalitis which not  infre- 
quently is followed by sequelae. 

The first indication of the development 
of postmeasles encephalitis is usually noted 
after the rash has disappeared, 4 to 6 days 
after defervescence. In infants, the first 
sign of CNS involvement may be convul- 
sions. In older children, the disease 
ushered in by drowsiness, stupor, menin- 
gismus, and convulsions at times. Muscular 
twitchings, rigidity, choreiform movements, 
ataxia, spastic paralyses, aphasia, and 
psychic disturbances may be observed. Of 
particular note is the occurrence of cere- 
bellar ataxia and, in certain instances, 
flaccid paralyses. Infants and children usu- 
ally recover, but sequelae, such as spastic 
paralysis, tremors, choreic or athetoid 
movements, and psychic derangements may 
occur. 

Encephalitis rarely follows German mea- 
sles but, when it does, the clinical pic- 
ture is not essentially different from that 
of postvaccinal encephalitis. Such is also 
true of the rare cases of encephalitis fol- 
lowing dengue fever, smallpox and yellow 
fever. The encephalitis that follows vari- 
cella is more common and is somewhat 
similar to postmeasles encephalitis, i.e., 
cerebellar forms are prominent. Postmumps 
encephalitis must be differentiated from 
mumps meningitis and mumps meningo- 
encephalitis. The former disease is not 
caused by the direct action of mumps virus 
and perivascular demyelination is promi- 
nent in the pathologic picture, while the 
latter conditions are due to the direct action 
of mumps virus on CNS tissue and _peri- 
vascular demyelination is not a part of the 
pathologic changes observed. The symptom- 


is 


ENCEPHALITIS 203 


atology and course of the demyelinating 
encephalitis, which follows antirabies vac- 
cination and bacterial infections or which 
arise spontaneously, are similar in most re- 
spects to the postinfection encephalitis that 
follow viral infections. 

The cerebrospinal fluid of patients with 
postinfection encephalitis is clear, under 
increased free from infective 
agents, contains a normal amount of sugar 
and a slightly increased amount of protein, 
and usually reveals a lymphocytic pleocy- 
tosis which may be as high as 300 cells. 


pressure, 


ParnoLocic PICTURE 

The pathologic picture in postinfection 
encephalitis is one predominantly of de- 
myelination, which is usually found around 
small veins in the white matter. Associated 
with this are vascular lesions and thrombus 
formation which may be most fre- 
quently in small vessels. Hemorrhages and 
perivascular infiltration with lymphocytes 
and glial cells are found; the glial cells ex- 
hibit proliferation and active phagocytosis 
of fat and myelin material. A gliosis is also 
found diffusely scattered throughout the 
CNS. Degeneration and necrosis of neurons 
is not marked. One or another of the lesions 
may predominate or may be absent in any 
single case (Findlay, 1940). The main fea- 
tures are, therefore, the perivascular de- 
myelination in the gray and white matter 
of the brain and cord, which may occur 
with or without hemorrhage, and only a 
slight amount of neuronal degeneration and 
necrosis (Fig. 28, and bottom 
frames), Rivers (1932) holds that the path- 
ologic changes in postinfection encephalitis 
are not those usually produced by the di- 
rect action of a virus on the CNS where, as 
in St. Louis encephalitis, the lesions are 
mostly in the gray matter and neuronal 
damage and death are a prominent part of 
the picture. Hurst (1944) regards the 
changes as nonspecific, i.e., as reactions to 
different agents. According to Roizin, Hel- 
fand and Moore (1946) and others, the 
lesions are in many respects similar to those 
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observed in other demyelinating maladies, 
for example, multiple sclerosis. 


ETIOLOGY 


Postinfection encephalitis has not been 
transmitted to experimental animals 
(Rivers, 1932). There has been much specu- 
lation concerning the etiology of this de- 
myelinating process and the matter has 
been discussed at length by Hurst (1944) 
and Ferraro (1944). 

Among the theories advanced are: (1) 
the infection theory which implies that the 
disease is caused through action on the 
CNS by the virus causing the primary dis- 
ease, e.g., measles, or by the activation of a 
latent virus already present in the host. 
Recently, Margulis, Soloviev and Shubladze 
(1946) reported the isolation of a virus 
from the blood of one patient and from the 
CNS tissue of another with acute sporadic 
disseminated encephalomyelitis and_ state 
that the virus may possibly be the etiologic 
agent not only of this demyelinating 
malady but also of multiple sclerosis, The 
active agent is different from that of acute 
primary hemorrhagic meningoencephalitis 
recovered by Margulis et al. (1944). The 
writers point out the fact that this work is 
far from complete. At the present time it is 
safe to say that no one has definitely shown 
the direct action of a virus to be the cause 
of postinfection encephalitis. Therefore, 
caution must be used in the interpretation 
of the role of the occasional virus reported 
to have been recovered from patients with 
this disease. 

(2) Another theory relates to toxins or 
poisons as the etiologic agents which are as- 
sumed to be developed during the course of 
the primary viral attack. In this group of 
agents belong poisons that induce cerebral 
anoxia (Ferraro, 1944; Hurst, 1944). This 
theory was advanced because of the fact 
that lesions produced in the CNS by CO, 
KCN and tetanus toxin resemble those of 
postinfection encephalitis. 

(3) The enzyme theory assumes that 
myelin-destroying agents are produced in 
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the patient or that those already present are 
activated by the viral infection; this theory 
has at present little support. 

(4) The theory relating to vascular 
thrombi is actively advanced at present, 
especially by Putnam (1941) and his col- 
leagues. Encephalitis and plaques of de- 
myelination have been produced experi- 
mentally by the intravenous injection of oil 
or various blood coagulants into animals. 

(5) The idea that phenomena of im- 
munity or allergy play a role in the causa- 
tion of postinfection encephalitis arose as 
the result of experimental investigations. 
Demyelination and inflammation of the 
CNS of monkeys was produced by the in- 
tramuscular injections of emulsions of 
normal rabbit brain tissue (Rivers, Sprunt 
and Berry, 1933). This work has been ex- 
panded by Morgan (1947) and by Kabat, 
Wolf and Bezer (1947) who injected intra- 
muscularly into monkeys a mixture of 
normal monkey-brain tissue, dead tubercle 
bacilli and oil, The view that the pathologic 
processes in postinfection encephalitis are 
the expression of phenomena of allergy or 
immunity receives support from the fact 
that encephalitis sometimes follows the use 
of immune sera or vaccines or develops in 
the course of antirabic treatment (Rivers, 
1932; Findlay, 1940; Putnam, 1941; Fer- 
raro, 1944; Hurst, 1944). 


DIAGNOSIS 


Diagnosis is ordinarily made from clinica] 
findings and a history of convalescence 
from a viral infection or of having been 
vaccinated recently. Postinfection encepha- 
litis should be distinguished from an en- 
cephalitis that may occasionally arise 
during the course of a viral disease, for ex- 
ample, measles and mumps. In the latter 
case, the encephalitis may be caused by the 
virus responsible for the primary disease 
and the pathologic picture is wholly differ- 
ent from that seen in the demyelinating 
postinfection encephalitides. The diagnosis 
is, therefore, difficult and confirmation can 
be had only by finding the charactetistic 
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perivascular demyelination in the CNS at 
necropsy. The disease should also be differ- 
entiated from spontaneous demyelinating 
maladies of multiple sclerosis, diffuse sclero- 
sis, Schilder’s disease, neuromyelitis optica, 
acute hemorrhagic leukoencephalitis, and 
more than a score of other encephalopathies 
listed by Roizin, Helfand and Moore (1946) 
who believe that from a_ histopathologic 
point of view all types of demyelinating 
diseases, including postinfection encepha- 
litis and acute hemorrhagic meningoen- 
cephalitis (v. supra), belong to one group 
of primary demyelinating processes, and 
that differences among them can_ be 
ascribed to age of the patient, duration of 
the affection, distribution of lesions, and 
degrees of host resistance to the causal 
agent. The differences therefore may be 
only apparent, not real (Ferraro, 1944; 
Hurst, 1944). 


TREATMENT 


There is no specific treatment. 


EPIDEMIOLOGY 


The occurrence of postinfection encepha- 
litis has no relationship to the severity of 
the primary viral attack or to the immedi- 
ate reactions after vaccination against 
smallpox or rabies. In postvaccinal en- 
cephalitis, moreover, there is no relation- 
ship to the strain of vaccine virus used. 
Encephalitis rarely follows the second or 
subsequent vaccinations against smallpox ; 
there is no relation between morbidity and 
and the amount of vaccine virus used or 
the manner of its insertion into the body. 
Encephalitis following vaccination against 
smallpox occurs in people of all ages, but 
the disease is more common in children 
than in infants or adults, e.g., the largest 
number of cases occur in children from 2 to 
14 years of age. In England 93 cases of 
postvaccinal encephalitis were observed be- 
tween 1922 and 1928; in Holland 150 be- 
tween 1924 and 1928; in the United States 
71 between 1923 and 1932. In the past 55 
years, more than 200 cases of postmeasles 


205 


encephalitis were recorded throughout the 
world (Haymaker and Smadel, 1943), and 
in 1935, 121 cases of postvaricellar encepha- 
litis had been reported. The incidence of 
encephalitis following antirabic treatment 
or immunization varies widely depending 
on the material used; 1 of 17,620 per- 
sons receiving antirabic vaccination with 
heat-inactivated virus exhibited paralysis 
(Casals, 1945), while in China, 5 of 201 
persons who were vaccinated developed 
neurologic syndromes, and two of them 
died. The general mortality rate is from 
10 to 58 per cent; high in postvaccinal en- 
cephalitis, from 37 to 58 per cent, and low 
in the postmeasles and other types, 10 per 
cent. The rate for each type, however, 
varies from year to year. 


CoNTROL MEASURES 


Since the cause of postinfection encepha- 
litis has not been definitely established, it 
is difficult to say much about control meas- 
ures, Vaccines made from nervous tissues 
and particularly those containing nervous 
tissue to which killed tubercle bacilli and 
oil have been added, should be used with 
great care (Rivers et al., 1933; Morgan, 
1947: Kabat et al., 1947). Since infants are 
least often attacked by postvaccinal en- 
cephalitis, primary vaccination against 
smallpox should be performed at the age 
revaccination on 


of about 6 months and 


entering school. 


INFECTIOUS POLYNEURITIS 


(Synonyms: Guillain-Barré disease; 
Landry’s paralysis; encephalomyelora- 
diculitis: infectious neuronitis; acute 


polyneuritis with facial diplegia) 


Infectious polyneuritis is characterized 
by neurologic signs referable to the periph- 
eral spinal and cranial nerves and some- 
times by involvement of the adrenals, liver, 
heart, and kidneys. The outstanding fea- 
tures of the condition are a protein-cell dis- 
sociation observed in the cerebrospinal 
fluid, progression of the neurologic symp- 
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toms, tachycardia and gastro-intestinal dis- 
turbances. It occurs after diseases associ- 
ated with known bacterial toxins as in 
diphtheria and scarlet fever, after infections 
of unknown etiology involving the respira- 
torv or the intestinal tracts, and occasion- 
ally without any recognized antecedent 
infection. The malady usually endures for 
several weeks or rarely may last for three 
years or longer. Except in elderly people 
in whom the disease may be fatal, complete 
recovery is the rule. Certain patients, how- 
ever, may show permanent weakness of one 
side of the face or other paretic and para- 
lytic sequelae. The mortality rate is about 
20 per cent and death often occurs within 
the first two weeks. Fatal cases in children 
may be wrongly diagnosed as poliomyelitis. 
There is a mild polymorphonuclear leu- 
kocytosis of 10,000 to 15,000 cells. Changes 
in the cerebrospinal fluid are characteristic ; 
pressure is increased, cells may be normal 
in numbers or at times slightly increased, 
the amount of protein is usually greater 
than normal and may at times be as much 
as 800 mg. per 100 cc. This increase of 
protein may persist for a long time. 

There is marked edema, congestion and 
focal inflammation of involved nerves and 
spinal roots. Swelling and beading of the 
myelin sheaths occur as well as fragmenta- 
tion, beading and dissolution of axons as- 
sociated with marked proliferation of the 
neurilemmal cells. No inflammation is 
found in the CNS; neuronophagia is ab- 
sent. Neurons in the medulla, cord and gan- 
glia may exhibit changes similar to those 
following section or damage of axons, viz., 
chromatolysis, eccentricity of nucleus, vac- 
uolization of cytoplasm, and appearance of 
acidophilic bodies in the cytoplasm, a pic- 
ture somewhat similar to that observed by 
Olitsky (1939) and others in avian ence- 
phalomyelitis. Focal degeneration and nec- 
rosis associated with infiltration by mo- 
nonuclear cells may be present in the 
adrenals, liver, heart and kidneys. 

Attempts to transmit the disease to lower 
animals have failed (Sabin and Aring, 
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1941). The etiology is as yet unknown, al- 
though it has been considered an infective 
agent, perhaps a virus. The recent studies 
of Sabin and Aring (1941) have led them to 
suspect that the disease is produced by a 
toxic substance developed during the infec- 
tion which usually precedes the polyneuritic 
attack. Outbreaks of the disease do occur, 
chiefly in the colder months. Persons of all 
ages may be attacked, but the morbidity is 
highest in those between 20 and 30 years of 
age; both sexes are equally affected. Diag- 
nosis is made on clinical findings, particu- 
larly a protein-cell dissociation in the 
cerebrospinal fluid. There is no specific 
treatment or control measure. 


GENERAL CONSIDERATIONS 


EPIDEMIOLOGIC GENERALIZATIONS CONCERN: 
ING THE SUMMER ENCEPHALITIDES 


A variety of arthropods have been sus- 
pected of serving as vectors of the summer 
encephalitides, and many kinds of lower 
animals have been considered as reservoirs 
of the virus so that a cycle of transmission 
has been deduced of infection from a warm- 
blooded lower animal to arthropod to ani- 
mal or man. It should be stressed, however, 
that so far the determination of the vector 
for any of the encephalitides has been based 
either on laboratory experiments or on the 
detection of an arthropod naturally infected 
with the virus in question. The crucial tests, 
namely, the ability of an arthropod natu- 
rally infected with a virus to transmit to 
man the disease caused by that virus and 
the decline or disappearance of the disease 
as correlated with the abatement or elimi- 
nation of a particular arthropod, are still 
to be made. 

An interesting problem concerns the 
interrelationship of the summer encepha- 
litides. They show themselves generally in 
definite areas of the globe, each form of 
disease attacking within specific geographic 
boundaries. Moreover, there is a serologic 
overlapping among certain viruses of this 
group. Other points of similarity relate_to 
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the uniformity of size of most of the active 
agents, to the clinical and pathologic pic- 
tures which are not much different in the 
various types, to prevalence of the maladies 
during the warm months when arthropod 
populations reach their peak. For these 
reasons it has been postulated that the 
viruses may have had a common ancestor 
which on dissemination over the world has 
been acted upon by environmental factors; 
perhaps the latter served to impress certain 
changes reflected in serologic and immuno- 
logic reactions. The environmental factors 
are assumed to be insect vectors and animal 
reservoirs in newly-invaded areas to which 
the virus became in time adapted (cf. Stan- 
ley, 1941; Shwartzman, 1944b; Silber and 
Soloviev, 1946). 

A similar situation may perhaps exist 
here as among the Rickettsioses : European 
typhus is louse-borne; New World typhus, 
flea-borne; [ast African typhus, tick-borne ; 
and Far East typhus, mite-borne (Olitsky, 
1946). 


PATHOGENESIS OF THE VIRAL 
ENCEPHALITIDES 


The pathogenesis of the viral encephali- 
tides as they occur in nature has not as yet 
been thoroughly studied, only a few frag- 
mentary findings are available. The progres- 
sion of some of the viruses from the site of 
their introduction into the body to the CNS, 
however, has been studied experimentally. 
TenBroeck et al. (1935) demonstrated that, 
in the horse inoculated intracutaneously 
with eastern equine encephalitis virus, there 
was a high content of the agent in the blood 
stream during the first febrile period of a 
diphasic syndrome, 3 days before the first 
signs of an involvement of the CNS were 
visible. The circulating virus decreased rap- 
idly and was absent from the blood 24 hours 
before signs of encephalitis appeared. This 
finding is believed by TenBroeck to be char- 
acteristic of the natural malady in the horse 
and may be similar to what occurs in the 
viral encephalitides of man, In man, how- 
ever, the period of viremia may be length- 
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ened in certain infections, e.g., Russian Far 
East encephalitis and lymphocytic chorio- 
meningitis, 

Hurst (1936) showed that the course of 
infection in guinea pigs and monkeys pro- 
duced by the subcutaneous or intramus- 
cular injection of the active agent of eastern 
or western equine encephalitis may be di- 
vided into visceral and nervous phases. 
During the visceral phase the virus is found 
or multiplies within tissues other than those 
of the CNS, particularly tissues of the vas- 
cular system. Following this phase accord- 
ing to him the viruses pass from the blood 
onto the nasal mucosa and thence to the 
subdural space via the perineural lymphat- 
ics of the olfactory nerve. Sabin and Olit- 
sky (1937-1938) have demonstrated that 
both young and old mice develop encepha- 
litis when the viruses of eastern and western 
equine encephalitis are given intracere- 
brally whereas only the young ones develop 
involvement of the CNS when such agents 
are introduced into peripheral, nonneural 
sites; the degree of resistance depends on 
the age of the mice and on the peripheral 
route of inoculation. When virus is intro- 
duced into the brain, it normally enters the 
ventricles and spreads along an open path- 
way. When it is given peripherally, it must 
reach the brain through the blood stream, 
by passage along nerves or through the 
perineural lymphatic system, Since both 
old and young animals are susceptible to 
virus given intracerebrally and since only 
young ones are susceptible to virus inocu- 
lated peripherally, it has been postulated 
that there are “barriers” in old animals 
which prevent certain neurotropic viruses 
given peripherally from invading the CNS. 
Even though a virus does not reach the 
CNS, it may multiply in the animal causing 
an apparent or inapparent infection with 
the formation of antibody. For example, 
after peripheral introduction of eastern or 
western equine virus in old mice and guinea 
pigs, the agents probably encounter barriers 
in the vascular system through which they 
cannot pass into the CNS. The pathway 
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of progression of a virus to the CNS may 
vary with the species of host and kind of 
virus involved (Sabin and Olitsky, 1938a, 
b:; Sabin, 1941). At least the viruses of 
Venezuelan equine encephalitis and Russian 
Far East encephalitis will induce involve- 
ment of the brains of old mice when inocu- 
lated peripherally, whereas this is not true 
of the viruses of eastern and western equine 
encephalitis. Another factor may _ exist 
which prevents old mice from. developing 
encephalitis when eastern and _ western 
equine viruses are introduced peripherally. 
For instance, Morgan (1941) has shown 
that young mice develop antibody slowly 
while adult mice produce this substance 
rapidly. The difference in production of 
antibody may account for the protection 
of the CNS of adult mice. 

It would appear that, if the general pat- 
tern of the naturally-occurring viral en- 
cephalitides follows that observed in the 
experimental animal, one should expect a 
diphasic infection consisting of visceral and 
nervous phases. During the visceral phase 
the virus circulates in the blood and the 
signs are those of a systemic infection, 
while during the nervous phase—the two 
phases may overlap at times—the active 
agent multiplies in nervous tissues, injury 
and destruction of which give rise to signs 
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and symptoms of an encephalitis. A dipha- 
sic type of infection certainly occurs in 
some of the human viral encephalitides. 
Whether the virus passes directly from the 
blood into the CNS, whether, after leaving 
the circulation, it is deposited on the nasal 
mucosa whence it progresses via neurons 
and their processes to the CNS, or whether 
it goes directly by way of nerves to the 
CNS from the point of introduction into the 
body, is not as yet definitely known for 
most of the agents producing encephalitis 
in man. Noran and Baker (1943) suggest, 
however, that the pathogenesis of encepha- 
litis in man caused by the eastern and west- 
ern equine viruses is based on a vascular 
spread of the active agents. Lymphocytic 
choriomeningitis is a systemic disease and 
many patients suffering from it do not show 
signs of involvement of the brain and cord 
(Rivers, 1939; Armstrong, 1940-1941). The 
reason for this is attributed by Armstrong 
to barriers which protect the CNS from 
various infections. The presence of such 
barriers may be responsible for abortive 
and clinically unrecognized cases of the en- 
cephalitides in man. Thus, multiplication of 
a virus may occur and produce a mild un- 
recognizable infection which is nevertheless 
followed by an active immunity to the 
agent. 
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Rabies 


(Synonyms: Hydrophobia, rage, Tollwut, Lyssa, rabbia, rabia, raiva) 


INTRODUCTION 

Rabies is an acute infection of the cen- 
tral nervous system caused by a virus and 
is, as a rule, propagated in dogs and related 
wild animals such as the wolf, fox, coyote, 
and jackal. Man and all warm-blooded ani- 
mals are susceptible. The virus is often 
present in the saliva of rabid animals and 
consequently is most commonly transmitted 
by a bite. Under favorable conditions the 
virus, when introduced into a wound, be- 
comes established in nerve tissue and mi- 
grates to the brain where, after an incuba- 
tion period of from 10 days to several 
months, it produces an acute, highly fatal 
encephalitis. 


HISTORY 


Rabies has been known in Europe and 
Asia since ancient times, and has main- 
tained a characteristic symptomatology and 
high fatality rate. As far as is known, 
rabies has always been primarily associated 
with the canine species. The period of sum- 
mer reckoned by the heliacal rising of the 
dog star, Sirius, has since antiquity been 
referred to as dog days, when dogs are 
supposed to be especially liable to spells 
of madness. It is easy to understand why 
people of ancient Egypt, Greece, and Rome 
ascribed the disease to supernatural causes, 


because animals ordinarily docile and 
friendly became extremely vicious and ag- 
gressive without evident cause, and, after 
a period of maniacal behavior, developed 
convulsive seizures and paralysis, which 
were followed by death. Rabies in dogs and 
domestic animals was described by Democ- 
ritus (500 B.C.) and Aristotle (322 B.C.). 
Celsus (100 A.D.) recognized the relation- 
ship of hydrophobia in man to rabies in 
animals and recommended cauterization of 
wounds produced by rabid dogs. Galen (200 
A.D.) favored surgical resection of the 
wound area. 

Prior to the 18th century, rabies was pri- 
marily a disease of wild animals, and do- 
mestic dogs played no significant part in 
its maintenance and spread. Rabies was 
known in western Europe as early as 1271, 
at which time it was prevalent among 
wolves in France. The first recorded epi- 
zootic of rabies among domestic dogs in 
urban centers occurred in Italy during 
1708; by 1728 the disease had appeared in 
epizootic proportions in most of the major 
cities of Hungary, Germany and France. 
Rabies was known in England as early as 
1613 (Mullett, 1945), but did not occur 
in epizootic proportions among dogs until 
1734. There is no evidence to indicate that 
the disease existed in North or South Amer- 
ica before colonization. Historical archives 
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of the State of Virginia contain references 
to rabies as early as 1753 and those of 
North Carolina as early as 1762; by 1785 
the disease was prevalent among dogs 
throughout New England. Rabies was un- 
known in South America until 1803 when it 
appeared among dogs in Peru; in 1806, 
an outbreak was observed among hunting 
dogs imported by English officers into La- 
Plata, Argentina, (Bouley, 1863). 

The transmission of rabies from a rabid 
dog to a normal dog by inoculation of saliva 
was reported by Zinke in 1804 and by 
Gruner and by Salm-Reifferscheidt in 1813. 
These experimental studies showed that 
the disease was infectious, and on the 
basis of this evidence it was assumed that 
destruction of stray dogs and quarantine 
of other domestic dogs would eliminate 
the disease. Sanitary measures including 
these provisions were adopted in Norway, 
Sweden and Denmark, and by 1826 these 
countries were free from rabies. Although 
rabies was eliminated from some urban cen- 
ters in continental Europe by dog-control 
regulations, these frequently became rein- 
fected after a few years, because the disease 
was established in wild animals in many 
regions. For those interested in obtaining 
references and more complete information 
concerning the early history of rabies, 
Hogyes (1897), Kraus et al. (1926) and 
Koch (1930) are recommended. 

Galtier (1879) introduced the use of do- 
mesticated rabbits as experimental animals 
for the diagnosis and study of rabies, but 
the modern concept of this disease, and 
virus diseases in general, was developed by 
Pasteur and his associates. The first pub- 
lication by this group of investigators rela- 
tive to the etiology of rabies is of interest 
in that it illustrates a problem which has 
repeatedly confused the Study of virus 
diseases, that is, the isolation of a pathogen 
unrelated to the disease in question but 
transmissible in series in an experimental 
host. In this particular case, they isolated 
an organism from the saliva of a human 
being with rabies which produced hemor- 
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rhagic septicemia in rabbits (Pasteur et al., 
1881a). The subsequent discovery that the 
true infective agent of rabies could be re- 
covered in a relatively pure state from the 
brain of an animal that has died of the dis- 
ease and the development of intracerebral 
inoculation by Roux, whereby animals could 
be infected consistently, opened the way for 
an extensive study of the disease (Pasteur 
et al., 1881b). Since the infective agent as 
obtained from brains of diseased animals 
could not be identified with certainty by 
microscopic examination and could not be 
cultivated in media used for the growth 
of ordinary bacteria, it was called a virus, 
from the Latin word for poison. The ultra- 
microscopic nature of the infective agent 
was postulated by Pasteur, but this was 
not established until Remlinger (1903) 
showed that it would pass through Berke- 
feld filters impervious to visible bacteria. 

Pasteur et al. (1884) were the first to 
modify the pathogenicity of a virus for its 
natural host by serial intracerebral passage 
in another species of host. In an attempt to 
develop a variety of rabies virus which 
could be used safely for vaccination, they 
passaged the agent intracerebrally in rab- 
bits and other animals. This resulted in 
the development of an infection character- 
ized by a short incubation period; such 
modified viruses were called fixed, to distin- 
guish them from the natural, or so-called 
street, virus. Though the virus maintained 
in rabbits at first appeared to become more 
virulent for dogs, it soon began to show a 
gradual loss of pathogenicity, and, after 
100 passages, the fixed virus had little capa- 
city to infect dogs when given subcutane- 
ously. Pasteur had noted previously that 
cultures of the chicken-cholera organism, 
when stored for several weeks at room tem- 
perature, lost their pathogenicity but still 
retained their immunizing capacity. In an 
attempt to reproduce this phenomenon with 
rabies virus, he exposed the spinal cords of 
rabbits infected with fixed virus to drying 
at room temperature; then, by means of 
a series of 10 daily subcutaneous injections 
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of fixed virus, graded from no infectivity to 
maximum infectivity as determined by in- 
tracerebral tests in rabbits, dogs were made 
resistant to experimental infection with the 
natural virus. During 1885, a peasant boy, 
who had been severely bitten by a rabid 
dog, was taken to Pasteur, and, in view of 
the serious nature of the exposure and the 
plea that something be done, the boy was 
vaccinated in a manner similar to that used 
for immunization of dogs, the theory being 
that, if dogs could be immunized in a 2- 
week period so that they would resist in- 
fection with the natural virus, the long 
incubation period of rabies in human beings 
would allow the development of a high 
grade of immunity before the potential on- 
set of the disease. The treatment appeared 
to be without ill effects and the boy re- 
mained well (Pasteur, 1885). This became 
known and other persons were taken to 
Pasteur for treatment; and the vaccine 
treatment for rabies soon was adopted as 
a routine procedure in medical centers 
throughout the world. 


Hoégyes (1897) introduced the dilution 
method of obtaining graded doses of rabbit- 
fixed virus comparable to those given in the 
desiccated tissue vaccine. Roux (1887) in- 
troduced the use of glycerol as a preserva- 
tive for maintaining the viability of virus 
in specimens of infected tissue. This dis- 
covery was applied to the production of 
vaccine by Calmette (1891), whereby desic- 
cated spinal cord tissue of varied infectivity 
could be kept on hand at treatment centers 
by storage in glycerol. Fermi (1908) was 
the first to use chemical treatment of tissue 
suspensions of fixed virus for the prepara- 
tion of vaccine. He introduced the use of 
phenol for this purpose, and Semple (1919) 
by modification of Fermi’s method showed 
that the phenol-treated tissue vaccine could 
be rendered completely noninfectious and 
still retain its immunizing capacity. 

No microscopic method for the diagnosis 
of rabies was available until Negri (1903) 
described the occurrence of characteristic 
intracytoplasmic inclusion bodies in the 
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nerve cells of human beings and animals 
proved to have been infected with rabies 
by isolation of the virus. This discovery 
made it possible to arrive at a prompt 
microscopic diagnosis of most cases of ani- 
mal rabies and has been used as a guide for 
human treatment. Though intracerebral in- 
oculation had been successfully employed 
for many years in the experimental study of 
rabies in other species of laboratory ani- 
mals, it was not adapted to the study of the 
disease in the white mouse until 1930 (Hoyt 
et al., 1930). This animal has been found 
particularly useful for diagnostic work be- 
cause of the short incubation period of the 
disease in it and the regular production of 
Negri bodies in its brain following intra- 
cerebral inoculation of street virus (Web- 
ster et al., 1935). 

The discovery of rabies among vampire 
bats in Brazil (Haupt et al., 1921) marks 
a new era in the history of the malady. 
Whereas all other known vectors transmit 
the disease for a limited period of time and 
then die of the infection, the vampire bat 
is capable of transmitting rabies for several 
months as a symptomless carrier (Pawan, 
1936b). 


CLINICAL PICTURE 
The incubation period of rabies may be 
or more 
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as short as 10 days or as long as 7 
months, but it is rarely less than 15 days 
or more than 5 months. When persons have 
developed rabies 1 to 2 years after they 
were known to have been bitten by a rabid 
animal, it is usually impossible to be cer- 
tain that there had not been a more recent 
exposure, possibly a minor wound which 
had been forgotten because it had been pro- 
duced by an animal not obviously ill. There 
is no evidence to support the theory that 
the incubation period depends on the linear 
distance the virus must travel from the 
point of infection in order to reach the 
brain, The relatively high attack rate and 
short mean incubation period of rabies fol- 
lowing hand and face wounds is more read- 
ily accounted for by the severe lacerations 
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in such exposures and the abundant sen- 
sory innervation and superficial aspect of 
the muscle tissue in such areas. In the ex- 
perimental disease, the length of the incu- 
bation period varies inversely in proportion 
to the amount of active virus introduced 
instead of in relation to the location of the 
inoculation. Even when the virus is intro- 
duced into the brain, the latent period may 
be as long as 90 days. It is, therefore, 
evident that long incubation periods are 
largely dependent on a temporary arrest 
of virus multiplication, either at the site of 
infection or at some place in the nervous 
system. The observed short, mean incuba- 
tion period for persons developing rabies 
despite vaccine treatment may be explained 
by the failure to protect those individuals 
in whom the disease develops before vac- 
cination has had a chance to exert its max- 
imum immunologic effect. For example, 
through the courtesy of Dr. T. F. Sellers, 
director of laboratories for the Georgia 
State Department of Health, it has been 
possible to study the records of the rabies 
treatment service of that state for the pe- 
riod from 1921 through 1945. More than 
45,000 persons were given vaccine treat- 
ment and, of these, 35 developed rabies with 
a mean incubation period of 28 days. This 
can be compared with the mean incubation 
period of 56 days in a group of 30 untreated 
persons who developed the disease during 
the years mentioned above. Prior to the 
introduction of the postexposure vaccina- 
tion for rabies, a study was made of 224 
cases of the disease observed in France 
during the period from 1852 through 1862 
(Tardieu, 1863). Of these, 40 developed 
the disease within 1 month after exposure, 
143 in 1 to 3 months, 30 in 3 to 6 months, 
and 11 in 6 to 12 months. It is evident from 
this study, as well as others (Kraus et al., 
1926), that the incubation period of rabies 
in untreated individuals will be less than 
30 days in approximately 20 per cent of 
the cases and that in the majority of indi- 
viduals the disease develops from one to 
three months after exposure, 
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The onset of the disease is marked by 2 
to 4 days of prodromal symptoms, such as 
fever, headache, malaise, anorexia, nausea, 
and sore throat. The temperature is ele- 
vated from 1° to 3° F. and shows no 
marked fluctuation. Headache, when it oc- 
curs, is localized most often in the occipital 
region or over the vertex. Vomiting may be 
protracted or even projectile. Respiration 
tends to be shaliow, and speech may be 
interrupted by sighing inspirations. Most 
patients exhibit increasing nervousness, ir- 
ritability, anxiety, and insomnia, but some 
show marked depression and melancholia. 
The early symptom of most diagnostic sig- 
nificance is some abnormal sensation about 
the site of infection. This will occur in 
about 80 per cent of the cases and, when 
present, favors a diagnosis of rabies. There 
may be pain, burning, sensation of cold, 
pruritus, tingling, or formication about the 
wound. The pain may be local or radiating. 
The patient may complain of a dull, con- 
stant pain referable to the nervous path- 
ways proximal to the location of the wound 
or there may be intermittent, stabbing 
pains radiating distally to the region of in- 
oculation. Referred pain in the neck, back, 
chest, or abdomen has been noted in some 
cases. Inflammation about the site of ex- 
posure, so often noted in rabies, appears to 
result from scratching or rubbing by the 
patient because of the abnormal sensations, 
but it is also possible that some type of 
urticarial or angioneurotic skin reaction 
may occur. In general, the early symptoms 
may be ascribed to the stimulative action 
of the virus affecting various groups of neu- 
rons, predominantly those of the sensory 
system. Though there is apt to be decreased 
Sensitivity to local pain, such as that caused 
by the introduction of a needle, the patient 
may complain bitterly of drafts and bed 
clothes which produce a general stimula- 
tion of the skin. There is apt to be sensi- 
tivity to other types of stimulation such as 
those produced by bright light and loud 
noise. Objective signs include increased 
activity of muscle reflexes and general in- 
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crease in muscle tone. Muscle tics may be 
present. Facial expression is apt to be over- 
active. The pulse rate is rapid. Symptoms 
referable to stimulation of the sympathetic 
nervous system include dilatation of the 
pupils, lacrimation, increased  salivation, 
and excessive perspiration. 

In most cases, the excitation phase is 
predominant up to the time of death. How- 
ever, depressive or paralytic symptoms may 
be predominant from the beginning or may 
supervene at any stage of the disease. The 
onset of the acute excitement phase is grad- 
ual and is marked by increasing nervous- 
ness, anxiety and apprehension. There is a 
strong desire to be up; wandering aimlessly 
about and speaking in disconnected sen- 
tences are not unusual. A sense of impend- 
ing death is frequent. Despite great fear 
and anxiety, a patient rarely bursts into 
tears. The outstanding clinical symptom of 
rabies is related to the act of swallowing; 
when fluid comes in contact with the fauces, 
it is expelled with considerable violence, 
and painful, spasmodic contractions of the 
muscles of deglutition and of the accessory 
muscles of respiration are produced. Sub- 
sequently, the sight, smell, or sound of liq- 
uids, by suggesting the act of swallowing 
may precipitate spasm of the muscles of the 
throat. The name hydrophobia, or fear of 
water, has been used to designate the dis- 
ease since ancient times because of the fre- 
quent occurrence of this symptom in those 
developing the disease. In some cases, the 
reflex irritability of the throat muscles is 
not so intense, and the patient exhibits no 
fear of water, though there may be diffi- 
culty in swallowing and a sense of constric- 
tion in the throat when the fluid or food 
passes the fauces. In order to avoid the act 
of swallowing, a patient is apt to allow 
the saliva to drool from the mouth between 
attempts at expectoration. Due to difficulty 
in taking fluids by mouth, a patient is apt 
to develop progressive dehydration so that 
the mouth and tongue become dry and 
parched. As the disease progresses, the 
stimulation of the muscular system becomes 
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more pronounced, and vermiform and fibril- 
lar muscular contraction and general tremor 
may occur, Choking when attempting to 
swallow may result in such severe spasm 
of the respiratory muscles that prolonged 
apnea develops with cyanosis and gasping 
attempts at respiration. Convulsive seizures 
are common and may be so extreme as to 
produce opisthotonus. Maniacal behavior, 
such as tearing clothes and bedding, is not 
uncommon, but vicious and murderous ac- 
tion, such as biting and fighting, is rare, 
though it may occur. Periods of intense 
excitement are interspersed with those of 
relative quiet at which time a patient is 
well oriented and answers questions intelli- 
gently. In the majority of cases, a patient 
dies in the acute excitement phase of the 
disease during a convulsion. Therefore, the 
paralytic phase caused by degeneration of 
motor neurons usually is not very evident. 
However, weakness of muscle groups re- 
lated to the site of infection may be present 
early in the course of the disease. Ocular 
palsies, leading to strabismus and inco-or- 
dination of ocular muscles, may occur. 
Weakness of the facial and masseter mus- 
cles may be present so that a patient has 
difficulty in closing the eyes or mouth, and 
the face becomes less expressive. Weakness 
of the muscles of phonation may be recog- 
nized by the development of hoarseness or 
loss of voice. Examination of the eyes 
may show partial blindness of central type, 
and, though the pupils may have been di- 
lated and may have reacted poorly to light 
early in the disease, they at times become 
constricted or show inequality. Hippus, 
nystagmus, diplopia, or strabismus may be 
noted. Vertigo may be present, indicating 
middle ear disease, and, though this is apt 
to be an early symptom, it may develop at 
any period of the disease. The corneal re- 
flex is decreased or absent, and the corneae 
become dry. The pulse rate may continue to 
be rapid with a rate of 100 to 120 at bed 
rest, but this may shift to bradycardia with 
a rate of 40 to 60 per minute. Cheyne- 
Stokes respiration is observed in most cases. 
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Though there may be stiffness of the neck, 
Kernig’s and Brudzinski’s signs are not 
elicited. A positive Babinski reaction may 
be obtained. Weakness of an extremity is 
preceded by loss of tendon reflexes. Paraly- 
sis, when it develops, is of the flaccid type 
and the muscles are not tender. Local sen- 
sation to pin prick, heat, and cold is dimin- 
ished and in-co-ordination may be noted. 
The disease, when it develops as described 
above, appears to be invariably fatal, and 
a patient seldom lives longer than three 
days after the onset of the acute excite- 
ment phase. 

If the acute excitement phase is survived, 
muscle spasms cease and the patient be- 
comes quiet. The fear of water may dis- 
appear, if previously present, and the pa- 
tient may be able to swallow, though with 
great difficulty. The face becomes expres- 
sionless and anxiety and excitement are 
replaced progressively by apathy, stupor 
and coma. In some cases, there may be a 
period of a few hours during which it may 
seem that a patient is getting better, but 
this apparent remission is followed rapidly 
by progressive paralysis. Depressive or par- 
alytic symptoms may become predominant 
at any time during the course of the dis- 
ease, and in some instances evidence of 
excitation of the nervous system may be 
absent. Though a patient may complain of 
fever, headache, nausea, and general dis- 
comfort at the beginning, the first signi- 
ficant sign is a sudden onset of weakness 
of one or more extremities. In rare in- 
stances, the course of the paralysis follows 
the pattern of Landry’s syndrome and, be- 
ginning with the muscles of the legs, a pro- 
gressive ascending paralysis develops with 
no relation to the site of the infection. Pa- 
tients developing the predominantly para- 
lytic form of rabies seldom have difficulty 
in swallowing until the terminal phase of 
the disease. The innervation of the mus- 
culature of the bladder and intestinal tract 
is affected so that retention and obstipation 
develop early. Incontinence may develop, 
especially in patients with a prolonged ill- 
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ness. There may be abnormal stimulation 
of the sex organs. Consciousness is retained 
until late in the course of the disease. In 
this type of rabies, a patient may live as 
long as ten days after the onset of paralysis. 
There were 55 cases of rabies in Trinidad, 
British West Indies, during the period from 
1929 through 1935, among persons bitten 
by vampire bats. Most of these persons 
were bitten on the toes, and in such cases 
they regularly exhibited an ascending type 
of paralysis. Nerve root pain preceded or 
accompanied the spreading paralysis in 
some cases. Difficulty in swallowing was 
noted in only one case. While persons devel- 
oping rabies following a dog bite die within 
ten days, some of the Trinidad patients sur- 
vived for more than two weeks and one 
lived for thirty days following the onset of 
paralysis (Verteuil et al., 1936). 

The red blood cell count is not altered 
in rabies except where excessive dehydra- 
tion occurs and the blood is concentrated. 
The white blood cell count is increased and 
may reach 20,000 or 30,000 cells per c.mm. 
Blood smears are apt to show a relative in- 
crease in the percentage of polymorpho- 
nuclear and large mononuclear cells. Exam- 
ination of the urine may show a slight 
albuminuria, and hyaline casts may be 
found in the sediment. A reaction for glu- 
cose and acetone is noted in most cases. 
There is no marked increase in the spinal 
fluid pressure, but the level ordinarily will 
be above the average figure. The fluid is 
consistently clear, though tests may show a 
slight increase in the amount of protein. 
The cell count usually is within normal 
limits; more than 100 cells are encountered 
rarely; if there is an increase, the cells are 
predominantly of the mononuclear type. 

If a patient is known to have been bitten 
by a rabid animal and the Symptomatology 
is characteristic, there is little difficulty in 
making a correct clinical diagnosis. How- 
ever, in some cases it is impossible to obtain 
a history of exposure due largely to the 
failure of a patient or his relatives to recol- 
lect a minor wound produced by an appar- 
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ently healthy dog. In such cases, unless the 
clinical course is typical, the diagnosis may 
be missed. The clinical course of rabies may 
at times be very similar to that of polio- 
myelitis, either the bulbar or spinal type. 
Other viral and rickettsial agents that pro- 
duce encephalitis or encephalomyelitis must 
be considered in the differential diagnosis. 
Tetanus may develop following bites by 
animals, but the incubation period is shorter 
than that of rabies, ordinarily from 6 to 14 
days. Trismus, though a very constant 
symptom of tetanus, is rarely present in 
rabies, and the muscular spasticity in teta- 
nus is constant and general while in rabies 
it is intermittent and chiefly restricted to 
the muscles of the throat. Where there has 
been a definite history of dog bite or other 
exposure to rabies, it is not uncommon to 
encounter rabies hysteria. In such cases, a 
patient ordinarily attempts to emulate con- 
vulsive seizures. Patients receiving rabies 
vaccine treatment may develop paralysis 
attributable to a sensitization caused by 
the rabbit brain material in the vaccine. 
This paralysis may simulate paralytic ra- 
bies, and may produce symptoms referable 
to cranial nerves, such as difficulty in swal- 
lowing, paralysis of the masseter muscles 
and unilateral or bilateral facial paralysis. 
Encephalitis without paralysis may be 
caused by the vaccine treatment, and in 
such cases the disease begins with high 
fever and headache which may be followed 
by convulsions and coma. 

There is no proved instance of a human 
being having recovered from rabies. One 
might therefore assume that it is always 
fatal. However, when one considers the fact 
that isolation of the virus from living 
human beings depends on inoculation of 
saliva into animals, which is rarely done, 
it may well be that nonfatal infections do 
occur. The nonfatal or so-called abortive 
type of rabies described by Koch (1930) is 
uniformly a paralytic disease. On clinical 
grounds it is difficult, if not impossible, to 
differentiate treatment paralysis occurring 
as the result of rabies vaccination from 


219 


lailure to demonstrate 
the brain at necropsy is 
considered evidence in favor of a diagnosis 
of paralysis due to the vaccine. In dealing 
with animals, however, isolation of the virus 
becomes increasingly difficult the longer an 
animal lives after the onset of the disease, 
and when death is delayed for a week or 
more it may be impossible to isolate the 
virus. Histological examination of the brain 
and spinal cord in fatal cases of paralysis 
caused by vaccination may not aid in dif- 
ferentiating the condition from paralytic 
rabies, and, in the absence of specific inclu- 
sion bodies, one may be left in doubt as to 
the cause of death. Furthermore, the prob- 
lem of differentiating the two conditions 
cannot be solved by immunologic tests, 
since the vaccine treatment as well as the 
disease results in the development of spe- 
cific antibodies to rabies virus. 


paralytic rabies. 
rabies virus in 
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There are no gross abnormalities which 
can be regarded as diagnostic of rabies. 
The meninges are normal except for vas- 
cular congestion, and the spinal fluid is 
clear and colorless. The surface of the brain 
and spinal cord usually exhibits a pink or 
red discoloration caused by marked en- 
gorgement of the There is 
slight to moderate cerebral edema as shown 
by flattening of the cerebral convolutions 
and partial obliteration of the sulci. On 
section, the cut surface of the brain and 
spinal cord has a pink cast. Ordinarily this 
is most marked in the thalamus, medulla 
and cervical spinal cord, Perivascular hem- 
orrhage is rarely evident on gross examina- 
tion. When the site of the bite is located on 
one of the extremities, the cut surface of 
the spinal cord may show unilateral, pink- 
ish-gray discoloration and obliteration of 
the normal markings. This lesion, when 
present, is most marked in the posterior 
horn. The lungs usually show some atelec- 
tasis and the mucosa of the trachea and 
bronchi is congested. The thymus may be 
enlarged and edematous. The small intes- 
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tine sometimes presents the picture of para- 
lytic ileus. The mucous membrane of the 
gastro-intestinal tract is congested, and 
local digestion of the gastric mucosa, with 
perforation of the stomach wall and dia- 
phragm and the presence of stomach con- 
tents in the abdominal or pleural cavities, 
is a frequent finding. 

When examined histologically the menin- 
ges usually appear normal. A variable de- 
gree of hyperemia and slight perivascular 
infiltration with mononuclear cells may be 
seen. The cerebral and cerebellar cortex 
show general hyperemia and acute neuronal 
degeneration. The white matter exhibits 
variable demyelinization and degeneration 
of axis cylinders. In the midbrain, basal 
ganglia and pons, the neuronal degeneration 
generally is severe and is associated with 
marked hyperemia. Small perivascular hem- 
orrhages, most noticeable in the thalamus 
and subependymal neuroglial tissue, are 
seen frequently. Neuronal degeneration is 
especially severe in the thalamus, hypo- 
thalamus, substantia nigra, and the nuclei 
of cranial nerves. These areas show a slight 
perivascular and perineuronal mononuclear 
cell infiltration. The medulla uniformly pre- 
sents the maximum pathologic alteration. 
The cranial nerve nuclei exhibit marked 
neuronophagia and the infiltration by mono- 
nuclear cells is proportionally greater than 
elsewhere. The spinal cord shows hyperemia 
and perivascular infiltration, which are es- 
pecially marked in the cervical portion at 
the decussation of the motor tracts. The 
neuronal degeneration is apt to be exten- 
sive in the posterior horns. When the site 
of the bite is located on one of the extremi- 
ties, the corresponding posterior horn is apt 
to show marked hyperemia, neuronophagia 
and cellular infiltration; the corresponding 
tracts of Goll and Burdach and the poste- 
rior funiculus exhibit extensive degenera- 
tion of axons and myelin sheaths. The con- 
tiguity of the axon is disrupted so that it 
appears beaded, and the myelin sheath is 
vacuolated. The dorsal root ganglia from 
the same region show marked neuronal de- 
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generation and moderate to marked mono- 
nuclear cell infiltration. In general the leu- 
cocytic infiltration is largely perivascular, 
but clusters of mononuclear cells are found 
about degenerating neurons, especially in 
the cranial nerve nuclei. The leucocytes 
found in the neuroglial tissue are, for the 
most part, of the small and large mono- 
nuclear types, but in some cases polymor- 
phonuclear cells are present. There is apt 
to be a slight diffuse mononuclear cell in- 
filtration of the interstitial tissue of the 
pons, medulla, and cervical spinal cord, 
varying in proportion to the degree of neu- 
ronophagia. Cellular infiltration may be 
very scanty when a patient dies soon after 
the onset of the disease and is proportion- 
ally greater the longer the duration of the 
disease. The neuroglial cells of the sub- 
stantia gelatinosa about the central canal 
show a variable degree of proliferation ; this 
is especially evident in the spinal cord. The 
neuroglia about degenerating neurons be- 
come more prominent than usual, and, 
though this may result from an increase in 
their size, it is suggestive of proliferation. 
The oligodendroglia throughout the brain 
show swelling, a manifestation of the mod- 
erate cerebral edema which is present in all 
cases. Most of the neurons of the central 
nervous system show some pathologic alter- 
ation. The main change consists of pyknosis 
of the nucleus and ballooning of the cyto- 
plasm. The Nissl substance is decreased in 
amount and the cytoplasm exhibits variable 
vacuolar and granular degeneration. Some 
neurons show condensation of the cyto- 
plasm seen in coagulative necrosis, while 
others exhibit fragmentation of the cyto- 
plasm and general loss of cellular detail. 
The inclusion bodies which can be dem- 
onstrated in the neurons of the majority of 
cases of rabies generally are referred to as 
Negri bodies (Plate 1). These structures 
when present are pathognomonic of rabies. 
The specific inclusion bodies are found in 
the cytoplasm of large neurons which pre- 
sent the ballooning type of degeneration 
and consist of sharply defined, spherical, 








(Top) Photograph of routine diagnostic smear 
prepared from Ammon’s horn of a dog that had 
died of rabies. Sellers’ stain. x200. 


(Bottom) Higher magnification of the illustra- 
tion above, showing internal structure of Negri 
body. Sellers’ stain. x900, (Photographs by R. F. 
Carter ) 
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oval or elongated eosinophilic bodies, ordi- 
narily 2 to 10 microns in diameter. Several 
inclusion bodies, usually of variable size, 
may be present in one neuron and are found 
most often in the cytoplasm between the 
nucleus and the dendritic prolongations of 
the cell. They also may be found in the first 
part of the dendrite and in such instances 
are elongated. The characteristic inclusion 
body contains an inner structure of baso- 
philic granules, which vary from 0.2 to 0.5 
microns in diameter and are surrounded by 
a clear zone in preparations stained by 
Wolbach’s modification of Giemsa’s stain. 
Large inclusion bodies have a central gran- 
ule and one or more concentric layers of 
these inner bodies, separated by a finely 
granular ground substance or matrix. Small 
inclusion bodies may contain a central baso- 
philic granule, but some are uniformly aci- 
dophilic and, in the absence of large forms, 
cannot be regarded as specific because of 
their similarity to inclusion bodies found 
in other diseases. Characteristic inclusion 
bodies of rabies are apt to be more abun- 
dant in Ammon’s horn of the hippocampus 
than elsewhere in the nervous system, but 
may be found in large numbers in the pyra- 
midal cell layer of the cerebral cortex, the 
Purkinje cell layer of the cerebellum and in 
the large neurons of the basal ganglia and 
cranial nerve nuclei. They may be found 
also in neurons of the spinal cord, dorsal 
root ganglia, the ganglionic cell layer of 
the retina, and ganglia of the sympathetic 
nervous system. Negri (1903) believed that 
the intracytoplasmic inclusion bodies of 
rabies represented one stage in the develop- 
ment of a protozoan parasite. Subsequent 
studies of the inclusion bodies of rabies, as 
well as those found in other viral diseases, 
indicate that, while they may contain in- 
fective units of the virus, they are com- 
posed largely of a matrix derived from the 
cytoplasm of degenerating cells. The ab- 
ence of thymonucleic acid from the Negri 
ody as shown by the Fuelgen stain con- 
orms with the characteristics of other in- 
lusion bodies due to infection with a virus. 
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The matrix contains considerable lipid 
material as shown by selective staining 
methods. The Negri body may be derived 
in part from the neurofibrillar apparatus of 
the neuron (Goodpasture, 1925). Coccoid 
bodies in the cytoplasm of degenerating 
neurons which stain in a manner similar to 
that of the matrix of the Negri body were 
noted by Koch (1930), but they cannot be 
regarded as diagnostic of rabies, 

Neurons of ganglia of the sympathetic 
nervous system and the dorsal root gan- 
glia of the spinal cord show degenerative 
changes similar to those of the brain. 
Marked ballooning and vacuolation of the 
cytoplasm may be present. The interstitial 
tissue of the ganglia may show moderate 
to extensive infiltration of mononuclear 
cells. The degenerating neurons are sur- 
rounded by large cuboidal cells which ap- 
pear to be derived from cells of the sheath 
of Schwann. The peripheral nerves, particu- 
larly those related to the site of the bite, 
show coalescence of neurofibrillae and frag- 
mentation of axis cylinders, vacuolation of 
the myelin sheath and a variable degree of 
mononuclear cell infiltration in the peri- 
neural lymphatics. 

If the salivary glands contain virus, there 
is moderate to marked degeneration of 
acinar cells of the mucus-secreting tissue. 
This lesion is associated with mononuclear 
cell infiltration of the interstitial tissue. The 
ducts of the salivary glands may be mark- 
edly distended with amorphous material 
containing cellular debris, The lacrimal 
glands show a similar lesion when infected 
with the virus. Acute degeneration of the 
medullary cells of the adrenal gland can be 
correlated with the presence of the virus 
and, when present, is associated with mo- 
nonuclear cell infiltration of the interstitial 
tissue of the adrenal medulla, Acute degen- 
eration of the acinar epithelium of the 
pancreas and the epithelial cells of the renal 
tubules may be found in some cases ol 
rabies. The gastro-intestinal tract may show 
congestion and edema of the mucosa, and 
the neurons of the sympathetic plexuses 
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may show degenerative changes similar to 
those of the sympathetic ganglia elsewhere 
in the nervous system. 

In the absence of specific inclusion bodies 
in the neurons of the central nervous sys- 
tem, a definite diagnosis of rabies cannot 
be made with certainty on the basis of the 
pathologic picture, because the lesions pro- 
duced by rabies virus are similar to those 
found in other viral encephalitides. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


Rabies virus is pathogenic for all mam- 
mals. Infection does not take place through 
intact skin or by ingestion. It is difficult to 
infect animals by intraperitoneal inocula- 
tion, but injection of the virus into the skin, 
subcutaneous tissue, muscle, or nervous tis- 
sue, in that order, is increasingly efficacious 
in producing disease. Intracerebral inocu- 
lation of the natural virus obtained from 
dogs will, with rare exceptions, produce a 
fatal infection in all mammals. Inoculation 
of the virus onto the scarified cornea may 
produce infection. Dogs can be infected by 
intravenous injection and high mortality 
may be obtained if large doses of virus are 
given. Infection can be obtained by intra- 
nasal inoculation, and mice are susceptible 
to both street and fixed virus given in this 
way. Ducks, geese, doves, and domestic fowl 
of all types are susceptible, but less so than 
mammals, Young birds ordinarily develop 
a fatal paralytic disease following intra- 
cerebral inoculation, but recovery from 
rabies is relatively frequent in adult birds. 
The disease is not transmissible by arthro- 
pods or insects. 

The domestic dog is the principal source 
of human infection, and the nature of the 
virus can be determined best by study of 
the disease in this host. A normal dog bitten 
by a rabid animal may develop rabies 
within 10 days, or it may show no signs of 
the disease until several months later. The 
usual incubation period varies from 21 to 
60 days. Following inoculation with the 
natural virus obtained from infected sali- 
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vary-gland tissue, the incubation period 
depends to a large degree on the amount 
of active virus introduced. For example, 
dogs inoculated in each masseter muscle 
with 0.06 cc. of the supernate of a 10 per 
cent suspension of infected salivary-gland 
tissue ordinarily develop rabies within 15 or 
25 days, with a mean latent period of from 
19 to 21 days. A mortality rate of 90 te 100 
per cent is obtained if the natural virus is 
present in high titer in the infected tissue 
When a 10% dilution of the same virus 
preparation is inoculated into dogs in the 
volume and manner just described, the mor- 
tality rate is not reduced markedly, but the 
mean incubation period may be increased 
to 40 to 50 days. The same type of natural 
virus, when titrated in dogs by the intra- 
cerebral method, may show an LDs5o of 0.5 
cc. X 10-55, In this instance, the incubation 
period may be as short as eight days, but, 
with rare exceptions, the disease will de- 
velop within 10 or 20 days after inocula- 
tion; however, a latent period of from 2 to 
3 months may be observed in some dogs. 
Dogs infected with the natural virus by 
intradermal or subcutaneous inoculation are 
apt to have an incubation period of 30 days 
or more, with a mean latent period of from 
40 to 50 days. The mortality rate following 
these methods of exposure is low, and, even 
in small groups of animals, it rarely exceeds 
50 per cent. 

The picture of rabies in dogs infected by 
peripheral inoculation is similar to that ob- 
served in man. For practical purposes, 
rabies in dogs is classified as furious or 
dumb type, depending upon the signs shown 
by the animal, In the former type, the ex- 
citation phase is prolonged, while in the 
latter, the paralytic phase develops early. 
Most infected dogs show some manifesta- 
tion of both types, that is, a short excita- 
tion phase characterized by restlessness, 
nervousness, and viciousness, followed rap- 
idly by depression and paralysis. The inci- 
dence of the two types of the disease is not 
constant and depends on the character of 
the natural virus. Sudden death of dogs 
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from rabies, without appreciable signs of 
illness, is not uncommon, Dogs that de- 
velop the predominantly excited type of 
rabies invariably die of the infection within 
a period of 11 days from the onset of ill- 
ness. The acute phase of the disease usually 
terminates in death within 3 or 5 days. 
Apparent recovery has been noted in dogs 
developing the paralytic type of rabies, but 
this is a rare occurrence, The behavior ob- 
served during the prodromal phase of the 
disease in dogs is of two types; most in- 
fected animals become increasingly appre- 
hensive and nervous, while others seek soli- 
tude and become increasingly apathetic, In 
the former type, a dog may appear unusu- 
ally friendly, which is probably a manifes- 
tation of fear. This is the most dangerous 
phase of the disease, as the dog is usually 
very excitable and will bite at the slightest 
provocation, A rabid dog is more likely to 
bite a stranger than its master during the 
early stage of the disease, but with the 
onset of the acute excitement phase it may 
show no recognition of its master and ex- 
hibits only an insane desire to attack and 
bite. The symptom of hydrophobia does not 
occur in canine rabies, but difficulty in 
swallowing is common, Partial or complete 
paralysis of the muscles of phonation oc- 
curs in most rabid dogs as shown by a 
characteristic change in their bark or grow] 
or by inability to make any sound. This 
may be the reason why rabid animals so 
often attack without warning. The tendency 
of rabid dogs to eat dirt, straw, bedding, 
and wood is well known. If caged, the ani- 
mal may break off its teeth in attempts to 
free itself, During the prodromal phase, the 
physical signs include fever, a decrease or 
loss of the corneal reflex, decreased sensa- 
tion to painful stimuli, dilatation of the 
pupils, and an increase in muscle tone which 
gives the animal an alert appearance. As 
the disease progresses, a dog may be unable 
to close its eyes completely which take on 
a glazed appearance resulting from dryness 
of the corneae, An animal may show twitch- 
ing of muscles, a general muscular tremor, 
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in-co-ordination, and convulsive seizures. If 
a dog does not die at this stage, progressive 
paralysis and coma precede death, Dogs 
infected experimentally by inoculation of 
virus into the masseter muscles, ordinarily 
develop paralysis of these muscles early, 
which is spastic at first, making it difficult 
for the animals to open their jaws after 
biting. The initial febrile period may last 
one or two days and then the temperature 
drops to normal or subnormal levels. A 
second febrile period is uncommon, but 
some animals develop a high terminal fever. 

Transmission of rabies in nature depends 
on the ability of the virus to reach and to 
multiply in the salivary glands of a rabid 
animal, The virus may be present also in 
the lacrimal glands, pancreas, kidney, and 
breast tissue; it shows little affinity for 
tissue of mesodermal origin and has not 
been demonstrated with certainty in the 
blood, spleen, liver, lymph nodes, bone mar- 
row, or sex glands of animals infected in 
nature, The virus is demonstrable in the 
central nervous system of nearly all animals 
that have died of rabies. When the disease 
is of long duration, autosterilization may 
take place. The medulla and thalamus usu- 
ally contain the greatest concentration of 
virus. The submaxillary glands are the best 
source of virus from tissue other than that 
of the nervous system, and may contain 
more virus than the brain as determined by 
titration. The adrenal glands of rabid ani- 
mals are likely to contain virus, but cellular 
degeneration is confined to the medulla and 
is evidently a part of the general involve- 
ment of nervous tissue. It is true that virus 
may be present in the saliva of dogs that 
appear entirely normal upon casual observa- 
tion, but, if examined carefully, they will 
show some signs of infection, such as fever, 
irritability, and various types of abnormal 
behavior. Nicolas (1906) found that the ap- 
pearance of virus in saliva coincided with 
the initial febrile response to infection but 
that the infected dog might not show classi- 
cal signs of rabies until five days later. 
Nearly all those who have studied experi- 


224 


mental rabies in dogs have noted apparent 
recovery from the paralytic disease. How- 
ever, there is no record of isolation of rabies 
virus from the saliva of a naturally infected 
dog that eventually recovered. Furthermore, 
with the possible exception of the dog re- 
ported by Remlinger (1907), it has been im- 
possible to isolate virus from saliva of ex- 
perimentally infected dogs that did not 
succumb. The case of nonfatal paralytic 
rabies described by Remlinger occurred in 
a dog that had been inoculated with fixed 
virus. The reputed isolation of virus from 
the saliva of this dog is questionable. ‘At 
least, other investigators have been unable 
to isolate virus from the salivary glands of 
dogs infected with fixed virus, and the data, 
as presented, suggest that the guinea pigs 
inoculated with the dog saliva died of a 
disease other than rabies. 

The ability of the virus to invade salivary 
glands varies with different strains and dif- 
ferent species of host. In a joint study 
carried on by the Georgia State Depart- 
ment of Health and the rabies laboratory 
of the International Health Division of 
The Rockefeller Foundation, an attempt 
was made to determine the frequency with 
which salivary glands are invaded by rabies 
virus in animals infected in nature. Of 28 
dogs proved to be rabid by isolation of virus 
from the brain, 21 (75 per cent) had de- 
monstrable virus in the salivary glands. Of 
150 foxes proved to have rabies, 130 (87 per 
cent) were found to have virus in the sali- 
vary glands. Virus was isolated from the 
salivary glands of 16, or approximately 50 
per cent, of 34 head of infected cattle. 
Strains of rabies virus, isolated from foxes 
during an epizootic (Johnson, 1945a), varied 
in their ability to invade salivary glands of 
mice infected by intramuscular inoculation. 
When groups of 25 or more mice were in- 
fected with the natural Viruses, some strains 
were able to invade the salivary glands of 
only 30 per cent of the animals, while others 
were capable of such invasion in 80 per 
cent. Tropism of virus for the salivary 
glands, as determined by this method, was 
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markedly reduced by a few serial, intra- 
cerebral passages in mice. Rabies virus 
maintained in vampire bats may be espe- 
cially adapted to multiplication in salivary 
glands, as these animals at times transmit 
the disease by bite for weeks or months 
and then become noninfectious without at 
any time having shown signs of illness 
(Pawan, 1936b). 

In summary, it may be said that the 
natural or so-called street-virus rabies is 
characterized by a long and extremely vari- 
able incubation period and a rather con- 
stant production of Negri bodies. Infection 
with the virus often results in a prolonged 
excitement state associated with irritability 
and viciousness, In a variable but high per- 
centage of cases, the virus is able to reach 
the salivary glands and be excreted in the 
saliva. There is no satisfactory evidence 
of antigenically different strains of rabies 
virus. The natural virus may be altered by 
rapid passage in the natural host as shown 
by the character of the disease produced, 
that is, by increased speed of multiplication 
in the brain, more general distribution of 
virus in this organ, and less invasiveness for 
the salivary glands. This undoubtedly acts 
as a check on the spread of rabies, since 
animals infected with highly virulent strains 
of the virus uniformly develop a paralytic 
type of disease and do not propagate it 
by bite. 

The term fixed virus has been applied to 
Strains of the agent that have been propa- 
gated by serial intracerebral passage in 
some experimental animal, usually the rab- 
bit, in which the incubation period has 
become short and constant. Rabies caused 
by fixed virus is characterized by an incuba- 
tion period of 4 to 6 days following intra- 
cerebral inoculation; absence of N egri bod- 
ies in the brain; wide dissemination of the 
virus in the central nervous system with 
consequent high titer; and a rapidly- 
progressing, paralytic disease. Such Strains 
have lost to some degree their ability to 
migrate centrifugally or centripetally along 


nerves, and apparently are unable to mul- 
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tiply in nonnervous tissue, such as that of 
salivary glands. 

The variety of fixed virus most widely 
used for human vaccination is the Pasteur 
strain, which has been maintained by serial 
passage in rabbits since its isolation in 1882 
(Pasteur, 1885). Most of its substrains, 
which are available today, have been 
through 2,000 or more passages in rabbits. 
Some substrains have a shorter incubation 
period than others, which may be accounted 
for by factors such as age of animal used, 
time of harvest of the passage virus re- 
spective to the onset of symptoms, and con- 
stant versus intermittent passage. Each 
substrain has a very constant incubation 
period in any group of animals of uniform 
age given the same inoculum. Titration of 
fixed virus shows that the incubation period 
varies inversely in proportion to the amount 
of virus given. In general, the maximum 
amount of active virus in the brain of a 
rabbit is found about 24 hours after onset 
of illness, and laboratories producing vac- 
cine sometimes take temperature readings 
on the rabbits as fever marks the onset of 
the disease. The virus to be used for a vac- 
cine should have an LDso of 0.03 cc. x 107° 
or better, when tested in mice. Titer of the 
virus may be slightly higher if tested in 
rabbits, but it is seldom possible to obtain 
an LDso of more than 0.25 cc. X 10~*, The 
Pasteur strain, when given by intracerebral 
inoculation, is highly pathogenic for all 
laboratory animals, as well as dogs and 
large domestic animals such as sheep, 
horses, calves, and goats. However, it ap- 
pears to be unable to infect human beings 
when given subcutaneously, and dogs seem 
to be almost equally resistant to the agent 
inoculated peripherally. On the other hand, 
approximately 100 per cent mortality can 
be obtained in rabbits, guinea pigs, and 
mice by intramuscular inoculation of large 
doses of rabbit-fixed or mouse-fixed virus. 
Rabies virus adapted to mice by constant 
serial intracerebral passage has an LDs5o of 
about 0.03 cc. X 10-7, when titrated intra- 
cerebrally in mice. Such strains appear to 
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have the same pathogenicity range for labo- 
ratory animals and dogs as does the rabbit- 
fixed virus, The capacity of the natural 
virus to form Negri bodies ordinarily is lost 
following 25 serial intracerebral passages in 
mice. 

A variety of fixed virus was developed in 
the laboratory of the International Health 
Division of The Rockefeller Foundation by 
serial intracerebral passage in baby chicks. 
The virus could not be maintained in this 
host if the chicks were allowed to develop 
paralysis before harvesting the virus; there- 
fore, it was necessary to transfer the virus 
in blind passage at 10-day intervals, which 
were reduced later to 6 days when the incu- 
bation period became fixed at 6 to 8 days. 
Following 100 serial passages, the virus 
showed a marked reduction of pathogenicity 
for rabbits as determined by intracerebral 
inoculation, This confirms the observation 
of Dawson (1941) that the chick-adapted 


or chick-embryo-adapted virus has lost 
much of its pathogenicity for rabbits. 


Pathogenicity of the virus was reduced also 
for mice as determined by comparative 
intracerebral titrations in mice and chicks. 
Dogs inoculated intramuscularly failed to 
develop rabies, but when tested by intra- 
cerebral inoculation they proved suscepti- 
ble. Fixed varieties of rabies virus will 
propagate in tissue culture when chick- 
embryo brain is used, but serial passage is 
difficult and the virus is apt to be lost after 
20 passages. However, these strains can be 
maintained indefinitely in tissue culture 
when mouse-embryo brain is used, but the 
species pathogenicity of the virus remains 
constant, 
ETIOLOGY 

The diameter of rabies virus has been 
estimated to be 100 to 150 millimicrons 
(Galloway et al., 1936) and, as is the case 
with other large viruses, the agent is not 
readily filterable. It will pass through dia- 
tomaceous earth and unglazed porcelain 
filters which hold back common varieties 
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of bacteria but not through Seitz EK filter 
pads. 

Resistance of the virus to various physi- 
cal and chemical agents depends on the 
source of the infected material and the 
method of its preparation. In testing the 
survival of the virus at various tempera- 
tures, one must be cognizant of certain 
factors, such as the original infectivity of 
tissues as determined by titration, the per- 
centage and type of tissue which contains 
the virus, and the diluent used in the prepa- 
ration of the material to be tested. Infected 
brain or salivary-gland tissue are the best 
sources of virus. The virus, when infected 
tissues are stored in undiluted neutral 
glycerol, retains its infectivity for several 
weeks at room temperature or for several 
months at refrigerator temperature, The 
infectivity of tissues exposed to the air at 
room temperature is lost in one or two 
weeks depending on the prevailing tempera- 
ture and relative humidity, but at refrigera- 
tor temperature the virus may remain active 
for several weeks and at subfreezing tem- 
peratures for one or more years. In order 
to study the nature of the virus and its 
response to physical and chemical agents, 
it must be liberated from cells by grinding. 
Physiologic saline solution is added to make 
a 10 per cent suspension by weight of tissue 
and this material is then subjected to cen- 
trifugation. The freed virus is present in the 
Supernate, Intracellular enzymes are liber- 
ated with the virus which may have an 
unfavorable effect on its activity, while cer- 
tain other substances freed from the cells 
appear to have a protective effect, In dilu- 
tions containing less than 0.1 per cent tissue 
extract, the virus deteriorates rapidly unless 
normal serum is added to the diluent. 
Though in higher dilutions the Virus is in- 
activated more rapidly in physiologic saline 
solution than in distilled water, there is no 
significant difference in the Survival of the 
virus in the two diluents if Serum is added. 
Physiologic saline solution is preferable to 
distilled water, as the latter causes precipi- 
tation of protein in cell-free supernates, 
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thus making it difficult to maintain a uni- 
form suspension of the virus. A large pro- 
portion of active virus is found in the sedi- 
ment following centrifugation of macerated 
tissue as shown by regrinding the sedi- 
mented tissue and titrating the supernate. 
For routine inoculation, it is preferable to 
use the supernate, as the suspension of tis- 
sue may quickly kill experimental animals 
when injected into the brain. By intraperi- 
toneal or intramuscular injection, a tissue 
suspension is more infectious than the su- 
pernate. Physiologic saline solution contain- 
ing at least 2 per cent inactivated normal 
guinea pig serum is the most satisfactory 
diluent for studies of rabies virus; there is 
no significant loss of infectivity in the 
higher dilutions over a period of a few hours 
at room temperature or 24 hours at 4° C. 
When exposed to a temperature of from 54° 
to 56° C., aqueous suspensions of virus are 
inactivated in an hour or less, The best 
method of preserving the virus is through 
desiccation while in the frozen state fol- 
lowed by storage at refrigerator tempera- 
ture ; under such conditions it may remain 
infective for several years. Dried virus is 
less sensitive to heat and may prove infec- 
tive after 24-hours’ exposure to a tempera- 
ture of from 54° to 56° C, Repeated freezing 
and thawing of virus suspensions results in 
loss of infectivity. Variation in subfreezing 
temperature has a harmful effect on the 
virus and saturation with carbon dioxide 
inactivates it, If a standard virus is to be 
used, it should be tubed in desired amounts 
in pyrex glass ampoules, sealed, frozen rap- 
idly, and stored in a dry-ice chest, 

Rabies virus, as obtained in serum-saline 
suspensions of infected tissue, may be con- 
centrated and purified to some degree by 
the common methods of selective precipita- 
tion of serum proteins, namely, fractional 
precipitation with ammonium sulphate and 
isoelectric precipitation; it is found in the 
globulin-type fraction. Cox et al. (1947) 
have reported purification and concentra- 


tion of rabies virus by means of alcohol 
precipitation, 
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Rabies virus is rapidly destroyed by sun- 
light or by ultraviolet irradiation (Hodes 
et al., 1940). It is readily inactivated by 
formalin, bichloride of mercury, and strong 
acids and bases. The virus is moderately 
resistant to ether and chloroform and very 
resistant to phenol, Bacteriostatic concen- 
trations of merthiolate and sodium sulfa- 
diazine do not harm the virus, 

Rabies virus adapted to laboratory ani- 
mals may be cultivated in tissue cultures 
in which the Maitland type of medium 
containing minced mouse-embryo brain is 
used (Kanazawa, 1936; Webster et al., 
1936). The virus has not been adapted to 
multiplication in media containing little or 
no nervous tissue. It can be maintained in 
the developing chick embryo. This was ac- 
complished first by serial passage through 
direct inoculation of virus into the embryo 
(Dawson, 1941): however, it had been 
shown previously that infection could be 
obtained by inoculation of the chorio- 
allantoic membrane (Kligler et al., 1938, 
1941), Recent studies have shown that 
chick embryos can be infected by injection 
of the virus into the yolk sac, and serial pas- 
sages have been accomplished in this man- 
ner, The unusual feature of the infection 
in embryos is that virus may be demon- 
strated in the blood (Koprowski et al., 
1947). 

Immunologic and serologic tests are of 
little value for the diagnosis of rabies, but 
infection does give rise to specific anti- 
bodies which may be demonstrable in the 
blood early in the course of the disease. Neu- 
tralization and complement-fixation tests 
are useful for studying the mechanism of 
immunity to the disease, particularly the 
response to vaccination. The virus as it 
occurs in nature can, with rare exceptions, 
be identified readily by its ability to pro- 
duce Negri bodies. Fixed virus, however, 
does not give rise to specific inclusion 
bodies, and such strains must be identified 
by cross-neutralization, complement-fixa- 
tion, or protection tests. 

For the neutralization test, it is prefer- 
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able to have a standard virus, against con- 
stant amounts of which undiluted and 
various tenfold dilutions of serum may be 
tested. Preliminary titration of a standard 
virus makes it possible to use a definite 
amount, ordinarily 200 LD; 9 per 0.03 ce. 
for mice, The LD; 9 endpoint is determined 
by the method of Reed et al. (1938). When 
the virus is mixed with an equal volume of 
serum or serum dilution, its concentration 
will be 100 LD59 per 0.03 cc. In parallel 
with a known immune serum control, un- 
known sera are tested undiluted and in ten- 
fold dilutions in physiologic salt solution 
through 10 °° against the standard virus. 
The normal serum control is tested un- 
diluted against the standard virus and 
against standard virus diluted tenfold, 1.e., 
10 LDso. Incubation of the mixtures for one 
hour at 38° C. and another hour at 4° C. 
with agitation of the tubes at 15-minute 
intervals is sufficient for satisfactory neu- 
tralization of the virus by known immune 
serum. At least 4 mice should be injected 
intracerebrally with 0.03 cc. of each serum- 
virus mixture. There are rarely any sur- 
vivors in the 10 LDs5 9 control group. Sur- 
vival of more than 50 per cent of the mice 
in the 100 LDso group tested against un- 
diluted serum is regarded as satisfactory 
evidence of immunity to rabies. Immune 
serum may be prepared by immunization 
of guinea pigs, and it is possible to obtain 
neutralization of 100,000 LDso of fixed 
virus per 0.015 cc. of serum. The neutrali- 
zation test is of value for the identification 
of unknown strains of rabies virus, particu- 
larly those modified by serial intracerebral 
passage in laboratory animals. 

The complement-fixation test is applica- 
ble to the study of rabies (Casals et al., 
1941), but it has not as yet been adapted 
to diagnosis of the disease. Animals im- 
munized with active, fixed virus develop 
complement-fixing antibodies ; these tend to 
disappear within three months, while virus- 
neutralizing antibodies persist and the ani- 
mals remain immune to peripheral exposure 
with rabies virus. 
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The immunizing potency of rabies vac- 
cine can be estimated by parallel intra- 
cerebral titrations of fixed rabies virus in 
vaccinated and unvaccinated mice (Web- 
ster, 1936, 1939). Rabies vaccines marketed 
in the United States for use in human 
beings and lower animals must be tested 
for immunizing potency according to a 
method developed by the U. S. Public 
Health Service (Habel, 1940). Mice receive 
6 intraperitoneal injections of 0.25 cc. of 
vaccine diluted so as to contain 0.5 per cent 
brain tissue. The vaccine is given on alter- 
nate days, and on the fourteenth day fol- 
lowing the first dose the mice are challenged 
in groups of 10, serial tenfold dilutions of 
fixed virus covering the expected infectivity 
range from 1 to 100,000 LD5o being used. 
The LD; 9 endpoint of virus for the vacci- 
nated and unvaccinated animals is deter- 
mined. The vaccinated mice must show an 
endpoint titer of at least 1,000 LDso less 
than the controls in order for the vaccine 
to be approved. A 100 per cent protection 
is not obtained regularly in vaccinated mice 
tested intracerebrally with 100 LDso, even 
though the animals have been immunized 
with vaccine containing active virus; yet it 
is not uncommon for from 50 to 100 per 
cent of the vaccinated mice to survive tests 
with all dilutions of the virus, Vaccinated 
mice may be tested for resistance to rabies 
by intramuscular inoculation of fixed virus 
(Webster, 1939). Almost 100 per cent mor- 
tality may be obtained in normal mice 
which receive in the muscles of each thigh 
an inoculum of 0.03 cc. of an uncentrifuged 
10 per cent suspension of mouse brain in- 
fected with fixed virus. Three intraperi- 
toneal injections, spaced a week apart, of 
0.25 cc. of undiluted commercial vaccine 
containing phenol-inactivated virus should 
produce a solid immunity to active fixed 
virus given intramuscularly 3 weeks follow- 
ing the first dose of vaccine, Whatever type 
of vaccination schedule is used, the peak of 
immunity is not reached until three or four 
weeks following the first dose of vaccine. 
The intracerebral challenge was adopted 
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for routine potency tests, because it gives a 
more accurate index of the amount of anti- 
gen in the vaccines than does an intramus- 
cular challenge. The challenge inoculation 
is given 14 days following the first dose of 
vaccine in order to limit the time of obser- 
vation before a finished vaccine can be re- 
leased for distribution. 
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History of exposure, clinical symptoms 
and signs, and outcome of an illness often 
play an important part in the diagnosis of 
rabies in man and lower animals. The de- 
velopment of specific diagnostic methods for 
determining whether or not animals have 
rabies was necessitated by the frequency 
with which human beings are bitten, espe- 
cially by dogs which in most instances do 
not have rabies. If a biting dog fails to 
develop signs of rabies or die within a 
period of 7 days, a bitten person can be 
assured that exposure to rabies did not 
occur, The laboratory diagnosis of rabies is 
based on the finding, at necropsy, of Negri 
bodies in the nerve cells of man or lower 
animals infected in nature or in the brains 
of laboratory animals inoculated with saliva 
or infected tissue from such sources, The 
finding of Negri bodies is sufficient for diag- 
nosis of rabies, but when they cannot be 
found it is necessary to resort to animal 
inoculation, 

Negri bodies are readily demonstrated in 
impression preparations of brain tissue 
stained by Sellers’ (1927) method. Though 
Negri bodies usually are more abundant 
and characteristic in Ammon’s horn than 
elsewhere in the brain, it is advisable to 
make preparations also from the cerebral 
and cerebellar cortex. The impression 
method is of particular value because the 
anatomical orientation of nerve cells is re- 
tained and there is little distortion and 
rupture of cells, Ammon’s horn is exposed 
by cutting through the cortex over the pos- 
terior horn of the lateral ventricle. A cross 
section, 1 to 2 mm. in thickness, is re- 
moved from the middle of the horn where it 
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bulges up from the floor of the ventricle and 
is placed on an absorbent surface, such. as 
a tongue depressor or paper towel. Several 
impressions are obtained by touching clean 
glass slides to the surface of the section, 
While still moist, the slide is immersed in 
the staining solution for about 5 seconds 
after which it is washed in water, The 
preparation is ready for examination as 
soon as it is dry. While fresh preparations 
stained in this way give the best results, 
impression preparations fixed in absolute 
methyl aicohol and allowed to dry before 
being stained can be used. Tap water, if not 
contaminated with certain mineral salts, is 
satisfactory for washing the stained prepa- 
rations. If tap water cannot be used, uni- 
form results are obtained by washing in 
M/150 phosphate buffer solution, pH 7.0, 
prepared in distilled water, 


SELLERS’ STAIN 


Basic fuchsin, saturated absolute 
methyl alcohol solution .......... 
Methylene blue, saturated absolute 

methyl alcohol solution .. . oe, ho 
Methyl alcohol, absolute, acetone free. 25 cc. 


2-4 CC. 


It is convenient to keep the staining solu- 
tion in a Coplin jar which can be sealed 
with vaseline to prevent evaporation, Be- 
cause of variability in the dye content of 
different lots of stain, an excess of the 
powdered dye should be used in preparing 
stock solutions, for example, 4 Gm. of basic 
fuchsin or 2 Gm. of methylene blue to 
100 cc. of absolute, acetone-free methyl 
alcohol. A properly stained smear, when 
light passes through it, should appear 
reddish-violet in thin areas and _ purplish- 
blue in thick portions. If in the trial stain 
the thin parts are bluish, add 0.5 cc. of the 
fuchsin solution. Negri bodies are stained 
cherry red and stand out in sharp relief 
(Plate 1); the basophilic inner structure is 
colored deep blue. The cytoplasm of nerve 
cells is stained blue to purplish-blue ; nuclei 
and nucleoli are deep blue; the stroma is 
rose pink, while nerve fibers are colored a 
deeper pink ; neural sheaths are not stained ; 
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bacteria, if present, are stained deep blue; 
and erythrocytes are copper color, For the 
demonstration of Negri bodies in paraffin 
sections, brain tissue should be fixed in 
Zenker’s fluid containing 5 per cent glacial 
acetic acid, and the sections should be 
stained with phloxine-methylene blue or 
Wolbach’s modification of Giemsa’s stain as 
described by Mallory (1938). 

In human specimens, there is _ little 
chance of confusing the inclusion bodies of 
rabies with those which occur in other dis- 
eases. In dog brains, however, inclusion 
bodies caused by distemper virus may be 
encountered which are similar to those oc- 
curring in rabies, The distemper inclusion 
bodies are pale red, are more refractile than 
those caused by rabies, and have no inner 
structure. They may be irregular in outline, 
and occur more frequently in the thalamus 
and lentiform nuclei than in Ammon’s horn. 
Intracytoplasmic inclusions may be found 
in the brains of mice which do not have 
rabies. These are small, pink to bright red 
in color, very refractile, uniformly round, 
and have no inner structure, 

Diagnosis of rabies by isolation of the 
virus depends on the injection into animals 
of saliva taken during the disease or brain 
tissue obtained at necropsy. In the past, 
saliva has been rarely used because of bac- 
teria encountered, Now that antibiotics are 
available, attempts should be made to iso- 
late virus from saliva of human_ beings 
suspected of having rabies, particularly 
those suffering from the paralytic type 
which is so difficult to differentiate from 
paralysis caused by rabies vaccine, Since 
the submaxillary salivary glands are most 
likely to contain virus, specimens of saliva 
should be taken from under the tongue. The 
saliva then may be diluted in a serum-saline 
mixture containing penicillin and strepto- 
mycin and tested by intracerebral inocula- 
tion into mice, Though undiluted saliva is 
apt to cause immediate death when injected 
intracerebrally into laboratory animals, it 
may be injected intramuscularly into rab- 
bits and guinea pigs without causing 1m- 
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mediate death or inducing a fatal bacterial 
infection. Brain tissue obtained at necropsy 
should be preserved in undiluted, neutral 
glycerol; portions of the medulla, basal 
ganglia, and cerebral cortex should be used. 
If the disease was of long duration, there 
may be little or no virus in the brain, There 
is considerable variation in the distribution 
and concentration of virus in various por- 
tions of the cerebral cortex, spinal cord, 
and nerve trunks of human beings who have 
died of rabies. The spinal fluid rarely con- 
tains virus (Leach et al., 1940). Fresh or 
glycerolated specimens of brain tissue are 
prepared for inoculation by grinding in a 
mortar and adding physiologic saline solu- 
tion to make a 10 per cent suspension. The 
supernatant fluid, following centrifugation, 
is used for inoculation of mice. When bac- 
teria are seen in preparations, small portions 
of the brain should be placed in glycerol for 
a few days, or, if it is necessary to avoid de- 
lay, the tissue may be suspended in physio- 
logic salt solution containing 0.5 per cent 
phenol and stored in a refrigerator for 24 
hours before testing. The virus may be sepa- 
rated from bacteria by filtration, but much 
of it is retained in fine filters unless the tis- 
sue-virus suspension is subjected to a pre- 
liminary clarification by passing it through 
a coarse filter. Treatment with merthiolate 
or with a mixture of penicillin and strepto- 
mycin may be used also for counteracting 
bacterial contamination. 

All of the various strains of albino mice 
are suitable as test animals (Johnson et al.. 
1940); there is no significant decrease in 
susceptibility to intracerebral infection with 
increasing age. If a specimen is positive, 
some of the mice ordinarily will show 
tremors, in-co-ordination, or paralysis from 
6 to 8 days after inoculation, Convulsions 
are Common, and an animal may die during 
such a seizure. Most mice infected with the 
natural virus develop flaccid paralysis of 
the legs which progresses to complete pros- 
tration. Frequently, Negri bodies can be 
demonstrated in the brain five days after 
inoculation, Occasionally, the incubation 


RABIES 


period is prolonged, particularly when 
specimens have been obtained from patients 
living several days after onset of illness. In 
such cases, the mice may not show signs of 
infection until two or three weeks after 
inoculation. It is necessary to confirm a 
diagnosis of rabies in mice by finding Negri 
bodies, since several viruses produce a dis- 
ease picture in this host similar to that of 
rabies, 

Rabbits and guinea pigs may be used for 
diagnostic inoculation. In general, the in- 
cubation period of rabies caused by street 
virus is from 15 to 30 days for rabbits and 
from 10 to 20 days for guinea pigs when 
the virus is introduced into the brain; the 
latent period ordinarily is shorter in imma- 
ture than in mature animals. At times, the 
incubation period may be as long as 90 days. 
The disease in rabbits and guinea pigs is 
similar to that described in mice. 

Since Negri bodies become more numer- 
ous with progression of the disease, it is ad- 
visable to hold biting dogs in quarantine. 
Negri bodies can be found in approximately 
90 per cent of naturally infected animals 
that have died of rabies (Koch, 1930) ; they 
are demonstrable in about 70 per cent of hu- 
man beings who have died of rabies (John- 
son, 1942). There is a considerable variation 
from month to month in the percentage of 
rabid dogs showing Negri bodies as deter- 
mined by mouse-inoculation tests. Table 11 
shows the results of a routine study of dog 
brains received by the Georgia State Depart- 
ment of Health during 1937; the specimens 
were sent in from many different foci of 
rabies. Suggestive evidence of variation in 
the strains of virus was obtained; this was 
based on the ability of the different strains 
to promote the formation of Negri bodies. 
Some strains obtained from the brains of 
naturally infected dogs nearly always pro- 
duce a paralytic disease in experimentally 
infected dogs, which is characterized by a 
rapid course and absence of Negri bodies. 
In this connection, it may be noted that 26 
per cent of 35 brains of rabid foxes, which 
were obtained during the peak month of an 
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epizootic, contained no Negri bodies, while 
all the brains of 59 foxes suffering from en- 
zootic rabies were shown to contain virus 
and Negri bodies (Johnson, 1942; 1945a). 

Animals examined for rabies are usually 
those which develop the excited form of the 
disease and become vicious and bite. Dogs 
developing the paralytic type are not apt to 
be examined, as ordinarily there is no ques- 
tion of human exposure. Among dogs in- 
fected experimentally with street virus, 
some die suddenly without showing signs of 
excitation, and, as a rule, about 50 per cent 
of them develop the paralytic form of the 
disease and seldom live more than one or 
two days after onset of illness; less than 50 
per cent of such infections are characterized 
by the formation of Negri bodies (Johnson, 
1942). 

When characteristic Negri bodies cannot 
be demonstrated in the brains of mice in- 
fected with a virus otherwise characteristic 
of rabies virus, it may be identified by de- 
termining whether or not it is neutralized 
by rabies-immune serum, When a person, 
who has not been given the vaccine, de- 


velops rabies, it is possible to demonstrate 
an increase in the titer of neutralizing anti- 
body in the blood serum during the course 
of the infection. 

TREATMENT 

There is no specific treatment for rabies 
once the disease develops, Barbiturates are 
better than morphine for relieving anxiety, 
because patients exhibit a marked tolerance 
for morphine and small doses actually in- 
crease the excitement in some cases, If seda 
tives cannot be given by mouth, pheno- 
barbital-sodium given by subcutaneous 
injection is indicated, Anesthesia may be 
used to control convulsive seizures. Dehy- 
dration develops rapidly in most patients ; 
this may be controlled by intravenous in- 
jection of physiologic salt solution, 

Human beings exposed to rabies ordinar- 
ily know when the exposure occurred and 
where the virus was deposited. Local treat- 
ment of wounds inflicted by rabid animals 
has been used for centuries, and this is 
probably the most important means for pre- 
venting the disease. Ekstrom (1830) intro- 
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duced the use of acid for local treatment of 
such wounds, and during an epizootic of 
rabies in Stockholm treated 106 persons 
who had been bitten, Preliminary treatment 
consisted of washing the wound with dilute 
hydrochloric acid; the wound was opened 
surgically in some cases. Secondary treat- 
ment included either actual cautery, or 
cautery with concentrated hydrochloric 
acid or fused potassium hydroxide, One per- 
son treated 24 hours after exposure died 
18 months later; this was considered a pos- 
sible failure of treatment, although the 
symptoms were not characteristic of rabies. 
None of the other treated persons developed 
rabies, but a few cases of the disease oc- 
curred among a limited number of persons 
who were exposed but did not receive the 
treatment. The use of nitric acid for the 
treatment of wounds inflicted by rabid ani- 
mals is based on the experimental studies of 
Cabot (1899), Poor (1911), and Rosenau 
(1935). These studies, which show an al- 
most complete protection through cauteriza- 
tion with nitric acid 24 hours after inocula- 
tion of the virus in subcutaneous or 
intramuscular tissues of guinea pigs, indi- 
cate that the virus remains localized for a 
time at the point of introduction. When 
virus is introduced into an open wound in 
guinea pigs (Shaughnessy et al., 1943), 
thorough washing with 20 per cent soft soap 
solution 2 hours later is as effective as nitric 
acid in preventing infection, The object of 
local treatment is to remove or inactivate 
virus that may have been deposited in the 
wound, and thorough washing with a con- 
centrated soap solution undoubtedly is the 
best method of accomplishing this. Whether 
or not acid cautery should be used depends 
on time after exposure and the type of 
wound which may be too deep for cleaning 
with soap solution. 

The use of vaccines for the prevention of 
rabies following exposure is recommended 
by public health authorities throughout the 
world hecause of the remarkably low mor- 
tality rate among treated persons. Controlled 
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clinical tests of the effectiveness of com- 
bined local and vaccine treatment as com- 
pared with local treatment alone, have not 
been done, and satisfactory experimental 
evidence of the efficacy of vaccine treatment 
is lacking (Webster, 1942). Soon after the 
introduction of the vaccine treatment, it 
became evident that the disease could not be 
prevented if the incubation period was 
short; this led to the adoption of the abso- 
lute and reduced fatality rate in statistics 
on such treatment. The reduced, or treat- 
ment-failure, rate includes only those cases 
that develop the disease 2 or more weeks 
following the completion of the treatment. 
McKendrick (1940), in his ninth review of 
the statistics on rabies treatment, gave a 
reduced fatality rate of 0.34 for 152,899 
cases treated with a vaccine prepared from 
desiccated spinal cords and 0.48 for 490,670 
cases treated with the Semple vaccine con- 
taining inactivated virus. Failure to demon- 
Strate a clear-cut superiority of the vac- 
cine with active virus by such statistics and 
the possible, though extremely rare, occur- 
rence of rabies (Remlinger, 1935) caused by 
vaccines containing active, fixed virus have 
discouraged their use. 

For details of preparing the various types 
of rabies vaccine, the reader is referred to 
the article by Kraus et al. (1926). All early 
methods of treatment were similar in that 
they consisted of the administration of in- 
creasing doses of active, rabbit-fixed virus. 
By the original method, graded amounts of 
active virus were obtained by drying in- 
fected rabbit spinal cords for varying 
periods of time in a jar containing sticks of 
potassium hydroxide, A similar range of in- 
fectivity was obtained by Hogyes through 
serial dilution of fresh fixed virus and by 
Babes through a 15-minute exposure of 
fresh fixed virus to temperatures ranging 
from 80° to 45° C, In all these methods of 
treatment, the total dosage of virus was 
increased for severe exposures such as those 
resulting from wounds of the face. Harris 
et al. (1911) introduced the modern method 
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of desiccation from the frozen state to ob- 
tain a supply of fixed virus of known in- 
fectivity. Certain vaccines treated with phe- 
nol contain active virus, and, of these, the 
Fermi vaccine and that of Sellers (1923) are 
still in use. The studies of Semple (1919), 
Harvey et al. (1923), Covell et al. (1936), 
and Shortt et al. (1937) have shown that 
fixed virus inactivated in the presence of 
phenol retains its capacity to immunize. 
Jaccines have been developed in which the 
virus is inactivated by formalin (Cumming, 
1914), ether (Remlinger, 1919), chloro- 
form (Kelser, 1930), ultraviolet irradiation 
(Hodes et al., 1940), and mustard (Ten- 
Broeck et al., 1946). The unbound formalde- 
hyde in Cumming’s vaccine is removed by 
dialysis. In the preparation of the Semple 
vaccine, the infected tissue is exposed to 1 
per cent phenol during the period of inacti- 
vation; later this concentration is reduced 
by dilution. An excess of phenol appears to 
denature the antigen, and now it is recom- 
mended that the final product contain no 
more than 0.25 per cent phenol, The anti- 
genicity of the Semple vaccine is better 
when the inactivation is carried out at room 
temperature instead of at 37° C. Vaccines 
prepared by treatment with ether or chloro- 
form are kept at refrigerator temperature 
until the virus is inactivated; ordinarily 
several weeks are required for complete 
inactivation. Variation in survival time of 
the virus may necessitate several safety 
tests before a vaccine can be released for 
use. Inactivation of the virus by physical 
means, such as ultraviolet irradiation, has 
the advantage that the inactivating agent 
is not incorporated in the vaccine. Tissue 
enzymes liberated from brain material used 
in the preparation of rabies vaccine un- 
doubtedly have a deleterious effect on the 
antigenicity of the virus. The chemicals 
used for vaccine production possess some 
enzyme-inhibiting properties, but they also 
decrease the antigenicity of the virus if used 
in high concentrations. 

Passive immunization against rabies by 
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the administration of immune serum has 
been shown by Hoyt et al. (1938) to be 
effective in animals, The most extensive 
studies of the value of such treatment for 
the prevention of rabies in man are those of 
Shortt et al. (1935) and Covell et al. (1936), 
In an attempt to obtain clinical evidence of 
the efficacy of serum treatment, they limited 
its application to severely exposed persons ; 
in rotation, three of every four severely 
bitten persons coming to the Pasteur In- 
stitute in Kasauli, India, received an in- 
jection of 20 cc. of immune serum on arrival 
which was followed by the regular treat- 
ment with Semple vaccine. Thus, 25 per 
cent of the severely exposed individuals re- 
ceived only the vaccine treatment. Of 584 
persons treated with serum and vaccine, 12 
or 2.05 per cent developed rabies as com- 
pared with 7 or 3.6 per cent of the 194 who 
were treated with vaccine alone. The fail- 
ures following the use of both serum and 
vaccine, reported by Shortt et al. (1935), 
occurred in persons who presented them- 
selves for treatment 2 or more days after 
exposure, and, on the basis of the studies of 
Hoyt et al. (1938), one would suspect that 
in such cases the use of immune serum 
would not be of much value, Proca et al. 
(1940) also observed a reduction in mor- 
tality by the combined use of immune 
serum and vaccine for the treatment of 
severely bitten persons. 

There are only a few laboratories outside 
of France and the French colonies that 
continue to prepare vaccines from desiccated 
spinal cords, It has been found that rabbit 
brain is a much better source of fixed virus 
than is the spinal cord, and other methods 
of vaccine production are more practicable 
and economical, 

On the basis of clinical evidence, there 
seems to be no doubt that rabies vaccine is 
effective in preventing the disease in the 
majority of the instances in which there is 
an expected incubation period of more than 
1 month, Because local treatment may fail 
at times and since it usually takes several 
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weeks for rabies to develop in man, it is 
advisable to resort to vaccination as an 
added safeguard, For persons known to have 
been bitten or scratched, vaccine treatment 
should be started immediately (1) when the 
animal is apprehended and presents clinical 
signs of rabies, (2) when the animal is 
killed and the brain is found positive 
for rabies by microscopic examination, 
(3) when the animal is killed, and, though 
the brain is negative by microscopic ex- 
amination, the animal is suspected of being 
rabid, and (4) when a person is injured by a 
stray animal that escaped or by one that 
cannot be identified. Vaccine treatment is 
rarely indicated when there is no satisfac- 
tory evidence of a person having been 
bitten, 

During recent years, the Semple vaccine 
has been the one most commonly used in 
the United States. It is packaged in 14 doses 
of 2 cc. each of a 4 or 5 per cent rabbit-brain 
suspension in physiologic saline solution 
and contains 0.25 per cent phenol, The 
usual treatment consists of 14 daily injec- 
tions of 2 cc. of vaccine, given into the sub- 
cutaneous tissue of the abdominal wall; a 
different site should be used for each in- 
jection, 

The studies of Levinson et al. (1945) and 
Habel (1947) show that fixed virus inacti- 
vated by a short exposure to ultraviolet 
irradiation retains much of its antigenicity. 
This type of vaccine has not as yet had a 
clinical trial, but experimental results are 
very convincing. The studies of Webster 
(1939) and others have shown that small 
doses of active fixed virus do not immunize 
animals and that the degree of immunity 
produced is proportional to the amount of 
virus given. This indicates that vaccines 
containing active virus may have little ad- 
vantage over those with inactive virus for 
human treatment. 

Vaccine treatment should not be given 
unless there is good evidence of exposure to 
rabies. Sensitization to rabbit-brain tissues 
may produce serious allergic reactions, 
Acute reactions, such as Syncope, general- 
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ized urticaria, or angioneurotic edema, may 
occur soon aftey an injection of vaccine in 
persons who have been sensitized by pre- 
vious vaccination. Persons who have not 
been sensitized previously are not apt to 
show any reaction until seven or eight days 
after the first dose of vaccine. The most 
common reaction is the development of 
erythema and edema about the site of vac- 
cination with accompanying pruritus and 
pain, These reactions tend to subside in a 
few days despite the continuation of treat- 
ment; however, in the 21-day treatment 
they may recur 15 to 16 days after the first 
dose of vaccine. If local reactions are accom- 
panied by fever, headache, nausea, lym- 
phadenopathy, and malaise, it is wise to 
stop the treatment. This type of reaction is 
uncommon, but usually precedes the devel- 
opment of more serious complications, such 
as encephalitis and paralysis. The paralytic 
phenomena, which may follow the adminis- 
tration of rabies vaccine, include peripheral 
neuritis, dorso-lumbar mayelitis, and pa- 
ralysis of Landry’s type. Reactions char- 
acterized by paralysis seldom develop un- 
til five days after the first dose of vaccine, 
but may occur as late as two weeks after 
the completion of treatment, The peripheral 
neuritis most often involves the facial 
nerves, but other cranial nerves may be 
affected ; recovery usually occurs in two or 
three weeks. Individuals who develop dorso- 
lumbar myelitis ordinarily recover, This 
reaction is characterized by fever and grad- 
ual onset of weakness, numbness, and 
tingling of the lower extremities ; there may 
be urinary retention. In cases of paralysis 
of the Landry’s type the onset is abrupt 
with high fever, headache, nausea, vomit- 
ing, girdle pain, urinary retention, and as- 
cending paralysis. The paralysis may extend 
to involve the bulbar nuclei and terminate 
fatally. More often a patient recovers 
rapidly, though in rare instances there may 
be permanent disability, Acute encephalitis 
caused by vaccine is characterized by high 
fever, delirium, convulsions, and coma 
which may terminate in death. Nonfatal 
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cases ordinarily recover without sequelae. 
Results of the studies of Stuart et al. 
(1928), Rivers et al. (1933), Morgan 
(1947), and Kabat et al. (1947) show that 
brain tissue functions as an organ-specific 
instead of a species-specific antigen. Paral- 
ysis caused by rabies vaccination must, 
therefore, be considered as a specific sensiti- 
zation to brain material, Reactions of the 
paralytic type are most apt to occur in per- 
sons who have had a previous course of 
rabies vaccine (Horack, 1939; Sellers, 
1947). A history of allergy in his immediate 
family can ordinarily be obtained from a 
patient who develops a reaction to the vac- 
cine. McKendrick (1940) recorded 45 cases 
of vaccine paralysis, with 5 deaths, among 
152,899 persons treated with vaccine pre- 
pared from desiccated spinal cords, There 
were 55 cases of vaccine paralysis, with 14 
deaths, among 488,795 persons. treated 
with vaccines containing phenol-inactivated 
virus. Sellers (1947) recorded 7 cases of 
vaccine paralysis among approximately 50,- 
000 persons treated with a phenol-treated 
vaccine containing active fixed virus; of 
these 7 cases, 5 occurred in persons who had 
been treated with rabies vaccine previously. 
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There are two epidemiologic types of 
rabies, the natural disease as it occurs in 
wild animals and the urban type which is 
maintained in domestic dogs. The current 
world-wide distribution of rabies is due to 
the general popularity of dogs as pets. Do- 
mestic dogs revert easily to a semiwild or 
scavenger existence, and stray dogs increase 
rapidly in any urban community unless an 
organized effort is made to destroy them. 
The propagation of rabies in dogs is de- 
pendent to a large extent on the presence of 
many stray dogs in cities and towns. 

The early history of rabies in Europe 
indicates that the disease was enzootic in 
wild animals in certain densely forested re- 
gions which served as starting points for 
recurrent migrating epizootics of the dis- 
ease. The natural disease was limited by 
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certain geographic barriers, such as moun- 
tain ranges and water, as well as by the 
abundance and distribution of suitable hosts 
capable of spreading the infection. Once 
established in domestic dogs, these limiting 
factors were much less effective, as dogs 
could travel with their masters from city 
to city and from country to country; 
furthermore, these animals were sufficiently 
numerous in any large city to maintain the 
disease once it was introduced. Thus, 
canine rabies was introduced into all thickly 
settled regions of Europe and into the Euro- 
pean colonies in the western hemisphere. 
The disease in dogs reached its greatest in- 
tensity in Europe during the first half of 
the 19th century, and rabies in man reached 
epidemic proportions in some countries 
(Koch, 1930). For example, in Prussia there 
were from 200 to 260 human cases of rabies 
each year from 1800 to 1810. The most re- 
cent summary of the incidence of rabies in 
Europe is that of Koch (1930), who found 
that during 1924 and 1925 canine rabies 
was very prevalent in France, Germany, 
Italy, Austria, Hungary, Poland, Czecho- 
slovakia, the Balkan countries, and the 
Union of Soviet Socialist Republics. The fox 
appears to be the principal wild-animal 
vector of rabies in western Europe, and 
seven major epizootics of the disease in this 
species were observed during the period 
from 1803 to 1925. The wolf is also an im- 
portant host and vector of rabies in eastern 
Europe. Denmark, Norway, and Sweden 
have been free from rabies for more than 
100 years. Rabies was eradicated from the 
British Isles in 1903. It became established 
again in England in 1918 by one or more 
dogs which were illegally imported, By 
1922, Great Britain was again free from the 
disease, and no further outbreaks have 
occurred (Galloway, 1945). There have been 
no reported cases of rabies in the Nether- 
lands or Switzerland for several years. 
Rabies occurs in all sections of Asia. 
Canine rabies is very common in India, 
probably because of many semiwild dogs 
which are found in all sections of the coun- 
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try. The jackal is the principal wild host 
and vector in India, and the disease is 
enzootic in this species in the southern and 
northern parts of the country. The mon- 
goose has a wide distribution in India, and 
animals of this species occasionally are 
found to be infected with rabies. The dis- 
ease is enzootic among dogs throughout 
China and in Tibet, Burma, Thailand, 
French Indo-China, Netherlands Indies, and 
the Philippine Islands. In Japan, rabies has 
been effectively controlled by vaccination 
of dogs; in 1924 there were 3,205 proved 
cases of canine rabies and 235 persons died 
of the disease, while in 1932 only 63 cases 
of rabies were identified in dogs and no 
human cases were reported (McKendrick, 
1933)); 

In Egypt and the Anglo-Egyptian Sudan, 
rabies is enzootic among jackals and is com- 
mon in dogs. Canine rabies is relatively 
common in all the coastal cities of North 
Africa, The disease has been known for a 
long time in the South Kavirondo Province 
of Kenya, and occurred in epizootic pro- 
portions among jackals from 1912 to 1916 
(Hudson, 1944). A disease of dogs, known 
as oulou fato, which exists in West Africa, 
has been identified as rabies, but it seems 
improbable that the dog is the principal 
host and vector of the disease in this region. 
At least, human rabies is seen rarely in 
West Africa and the disease is not very 
common in dogs (Nicolau et al., 1933), 
Furthermore, the occurrence of paralytic 
rabies in dogs that are kept confined in 
compounds and not exposed to other dogs 
suggests that a small rodent may be the 
vector of the disease in some sections of 
West Africa, In South Africa, rabies has be- 
come established in small veld carnivora 
(meercat type) belonging to the family of 
Viverridae. The disease was recognized for 
the first time in South Africa in 1892 when 
it appeared in dogs and cats in and around 
Port Elizabeth, In 1902, it appeared in dogs 
in southern Rhodesia and spread rapidly ; 
preventive measures included the destruc- 
tion of 40,000 dogs in that year and 60,000 
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the following year. Thereafter, the inci- 
dence of rabies remained low until 1911 
when another severe outbreak occurred. 
Dog-control regulations were enforced for 
a period of 2 years, and after 1914 no fur- 
ther cases of rabies were observed in dogs. 
In 1929, there was one human case of rabies 
in the Orange Free State of South Africa, 
and during the same year a yellow mon- 
goose (Cynictus penicillata) was proved to 
be infected with the disease. Subsequently, 
it was found that rabies was established in 
wild carnivora in Transvaal, Orange Free 
State, and Cape Province and that the 
yellow mongoose was the principal host and 
vector, although the stockstert (Suricata 
suricatta), wild cat (Felina cafra), and 
the pepper-and-salt meercat (Myonax pul- 
verulentus) were found to be involved. 
There have been many outbreaks of rabies 
in cattle attributable to infection from the 
mongoose. Most of the human cases have 
occurred in children who were bitten when 
they attempted to pick up what appeared 
to be a tame meercat or mongoose, Rabies 
has not occurred in dogs during recent 
years, and a campaign of destruction of the 
wild vectors has reduced its incidence in 
man and domestic animals; nevertheless, 
there is little chance of eradicating the dis- 
ease (Snyman, 1937) in this locality, 

In North America, rabies has become in- 
creasingly prevalent since it was first rec- 
ognized. It apparently was introduced by 
importation of dogs from Europe, and until 
1800 was limited to the states along the 
eastern seaboard. By 1870 the disease had 
been reported in Greenland and had be- 
come prevalent in dogs in all densely settled 
regions east of the Mississippi River (Stim- 
son, 1910). The disease did not become 
prevalent in dogs in California until 1898 
(Geiger, 1916), and the appearance of rabies 
in coyotes of northern Mexico in 1892 
(Seton, 1925) Suggests that the disease was 
introduced into California from Mexico 
where historical archives contain references 
to rabies in man prior to 1800. The disease 
is known to have been epizootic in foxes in 
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Massachusetts during the first decade of 
the 19th century (Thacher, 1812), in Ala- 
bama in 1890 (Wilkinson, 1894), and in 
Alaska in 1915 (Ferenbaugh, 1916). An 
epizootic of rabies in skunks, which began 
in Kansas in 1873, was responsible for the 
death of at least 40 persons, mostly cow- 
boys and hunters, who were bitten by rabid 
skunks when camping on the plains (Seton, 
1925), Another epizootic of skunk rabies 
occurred in Arizona; it began in 1907 and 
at least 10 persons died after they were 
bitten by infected skunks (Yount, 1910). 
The small spotted skunk of the genus 
Spilogale appears to have been the princi- 
pal vector; these animals are often referred 
to as phobey cats in western United States, 
because they were known to have been the 
source of hydrophobia in human beings. In 
1915 and 1916, rabies appeared in epizootic 
proportions in wild animals in California, 
Oregon, and Nevada (Mallory, 1915; 
Geiger, 1916), and, though the coyote ap- 
peared to be the most important vector, 
the disease was also identified in bobcats, 
mountain lions, skunks, and a wide variety 
of small wild animals, Coyotes were very 
abundant over a large region, and the dis- 
ease persisted for many years despite an 
extensive campaign to reduce the number 
of known vectors. Large numbers of do- 
mestic animals died as a result of attacks 
by rabid coyotes, In Nevada, the disease 
was not eliminated from wild life until 
1931, and it was necessary to destroy more 
than 89,000 coyotes, bobcats, and moun- 
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tain lions and several thousand small ani- 
mal vectors before this was accomplished 
(Records, 1932). Since 1940, rabies has 
again become prevalent in foxes of the 
United States; this vector is now so widely 
distributed that there is no immediate pros- 
pect of eradicating the disease from it. 
Repeated epizootics of fox rabies have oc- 
curred in North Carolina, South Carolina, 
Georgia, Alabama, Mississippi, and Louisi- 
ana, and the disease has been identified in 
foxes of 16 other states (Johnson, 1945a). 
The epizootic of rabies among coyotes and 
bobeats, which occurred in New Mexico in 
1943, appears to have subsided, but the 
California State Department of Health dur- 
ing 1947 identified rabies in bobcats in the 
vicinity of Palm Springs and nearby sec- 
tions of the Imperial Valley. 

In 1908, there were 111 human cases of 
rabies in the United States (Stimson, 1910). 
There are no official records of the annual 
mortality from rabies in this country prior 
to that year. Only 10 states were reported 
as being free from rabies in 1908; they 
were California, Idaho, Maine, Montana, 
Nevada, New Mexico, Oregon, Utah, Wash- 
ington, and Wyoming. From 1908 to 1938 
the annua! human mortality from rabies 
varied from 33 to 103, with the lowest inci- 
dence in 1916 and the highest in 1928. In 
1938, the Bureau of Animal Industry of the 
U. S. Department of Agriculture began col- 
lecting information as to the number of 
proved cases of rabies in animals, Table 12 
shows the reported cases of rabies in human 
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beings and animals in the United States 
during the period 1938-1945 (Schoening, 
1946). 

Fourteen states were reported free from 
rabies during 1945, namely, Maine, New 
Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, Delaware, Minnesota, 
North Dakota, South Dakota, Wyoming, 
Montana, Washington, and Nevada. Ore- 
gon, Idaho, Colorado, Nebraska, and Wis- 
consin were almost free from the disease. 
Though the majority of the wild animals 
found to be infected with rabies during 
1945 belonged to the grey fox species, the 
disease was identified also in the coyote, 
skunk, squirrel, raccoon, muskrat, rabbit, 
and common rat. 

Canada appears to be free from rabies. 
There have been a few small outbreaks in 
the provinces of Ontario and Quebec dur- 
ing the past 10 years, when the disease was 
introduced from the United States, but 
these foci have been eliminated (Hall, 
1940). 

Rabies is prevalent among dogs in most 
of the major cities of Mexico, and Central 
and South America. The discovery that 
vampire bats are infected with rabies in 
some sections of Mexico and South America 
is of considerable epidemiologic importance 
in that this animal may transmit rabies as 
a symptomless carrier. True vampire bats 
are found only in Mexico, Central and 
South America. The principal vector is 
Desmodus rotundus murinus-Wagner. Bats 
of this species are grey or reddish-brown 
with a body length of from 7 to 8 cm. and 
a wingspread of from 30 to 40 cm. They 
subsist solely on blood, which they lap up 
after inflicting a craterlike wound with 
their sharp incisor teeth. Members of the 
species are easily identified by their long 
thumbs, which are 19 to 20 mm. in length, 
a Cleft lower lip, absence of a tail, and a 
poorly developed interfemoral membrane. 
They are known to feed on man when other 
hosts are scarce, and their ability to do so 
without awakening a victim is the source 
of numerous imaginative stories. The ex- 
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istence of rabies among vampire bats was 
recognized first in the state of Santa Catha- 
rina in southern Brazil. A paralytic disease 
of cattle and other livestock called mal de 
caderas appeared in epizootic form in that 
region in 1908. Some of the animals were 
proved to be infected with rabies virus 
(Carini, 1911), and, since rabies was preva- 
lent in dogs, a vigorous program for the 
control of the disease in dogs was initiated, 
but it failed to affect the incidence and 
spread of the paralytic disease of cattle. 
From the beginning of the outbreak, ranch- 
ers had observed that bats were flying in 
the daytime and fighting one another, un- 
usual phenomena, and that cattle bitten by 
bats during the day ordinarily developed 
paralysis and died within a few weeks. In 
1916, a virus was isolated from a bat cap- 
tured while feeding on cattle during the 
day (Haupt et al., 1921), and Negri bodies 
were demonstrated in the brains of rabbits 
and guinea pigs infected with this virus, On 
the basis of this finding, it was concluded 
that the repeated epizootics of paralytic 
rabies, which occurred in livestock in Brazil 
from 1908 to 1918, were due to infection 
induced by the bites of vampire bats. 

In 1925, a paralytic disease of livestock 
appeared in and around Port-of-Spain, 
Trinidad, B.W.I. During the period from 
1925 to 1929, several thousand animals died 
of the disease which was diagnosed as bot- 
ulism. In 1929, in the village of Siparia, 
Trinidad, 13 persons died of acute ascend- 
ing myelitis, which was diagnosed as acute 
anterior poliomyelitis, In 1930, there were 
4 more fatal cases of ascending myelitis, 
and from one of these, brain tissue was sub- 
mitted to The Rockefeller Institute in New 
York and the Lister Institute in London. 
Rabies virus was isolated from this mate- 
rial by workers in both laboratories (Hurst 
et al., 1931, 1932). There had been no 
canine rabies in Trinidad since 1914 and 
Stringent quarantine regulations had been 
kept in force to prevent its importation. 
Furthermore, there had been no cases of 
Suspected rabies in dogs coincident with 
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the outbreaks of paralysis in cattle. Sub- 
sequently, it was shown that the vampire 
bat, Desmodus rotundus murinus-Wagner, 
was the vector of rabies in Trinidad. Rabies 
virus was isolated from the salivary glands 
of vampire bats, and cross-protection and 
serum-virus neutralization tests showed that 
the bat virus was closely related to the 
Pasteur strain of fixed rabies virus (Pawan, 
1936a). A study of the disease in bats 
showed that some of them could transmit 
rabies by bite for as long as 83 days before 
dying. A high proportion of the experi- 
mentally infected bats developed signs of 
rabies following an incubation period of 9 to 
38 days. With the onset of the disease, bats 
would often show excitement and _ vicious- 
ness, and these signs would persist for sev- 
eral days, following which animals would 
either recover or more often would develop 
progressive paralysis and die (Pawan, 
1936b). An epidemiologic study of the dis- 
ease in Trinidad indicated that it had been 
introduced by vampire bats which had mi- 
grated to Trinidad from South America. 
Fifty-five human cases of paralytic rabies 
were recorded, Control measures included 
immunization of livestock by means of 
rabies vaccine, bat-proofing of homes and 
stables, vaccination of persons bitten by 
bats, and destruction of vampire bats. These 
measures proved successful in eliminating 
the disease and no further outbreaks have 
been recorded in Trinidad (Verteuil et al., 
1936). 

During the period 1931-1934, there were 
repeated epizootics of paralytic rabies 
among livestock in the states of Santa 
Catharina and Matto Grosso, Brazil, and 
virus was isolated from naturally infected 
vampire bats (Torres et al., 1935). Epi- 
zootics of paralytic rabies in livestock have 
been observed in Paraguay, Uruguay, 
Brazil, Argentina, Venezuela and Mexico; 
he first sign of infection is usually sudden 
yaralysis of the posterior quarters, The dis- 
sase of livestock called derriengue, which 
yas been prevalent in the Pacific coast 
states of Mexico for at least 37 years, has 
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been shown to be due to infection with 
rabies virus transmitted by vampire bats. 
In the course of a field study in the State 
of Michoacan, Mexico, during 1944, active 
agents later identified as rabies virus 
(Giron, 1944; Johnson, 1948) were isolated 
from a paralyzed cow and from the salivary 
glands of vampire bats captured in a cave 
located near the place where cattle were 
dying of paralysis. 

It is evident that rabies can flourish in 
any climate, because suitable hosts and vec- 
tors are present on all the major continents. 
Rabies has not become established in Aus- 
tralia or Hawaii, but this appears to have 
been due to quarantine regulations which 
were in force prior to the development of 
large urban centers having the usual com- 
plement of dogs. The old superstition that 
dog days of July and August mark the 
season of maximal incidence of rabies is 
without scientific basis. Epizootics of rabies 
may develop during any season of the year ; 
in the United States, however, the incidence 
of the disease is somewhat higher in the late 
winter and spring seasons than at other 
times (Table 11). 

Periods of rapid geographic distribution 
of rabies have coincided with major wars or 
with mass movement of people. There is no 
evidence of racial differences in suscepti- 
bility to the disease. Female animals are 
as susceptible as males, and from this fact 
one might assume that a higher rate of 
infection in male human beings than in 
females is due to a more frequent exposure 
of the former, Most human cases of rabies 
occur in children, but this cannot be con- 
sidered as evidence of a greater suscepti- 
bility in them than in adults; children are 
more liable to be bitten because of their 
fondness for playing with dogs and cats and 
their lack of defense if attacked, 

While exceedingly rare, infection from 
man to man is possible. As maniacal and 
murderous activity is uncommon in human 
rabies and since heavy sedation is given 
routinely in such cases, there is little danger 
of a person obtaining the disease from an 
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infected human being. Laboratory infec- 
tions are uncommon and have occurred only 
when investigators or their assistants have 
been bitten by animals infected with the 
natural virus or when they have been acci- 
dentally injured while performing necrop- 
sies (Koch, 1930). 

The attack rate of rabies in human beings 
bitten by rabid animals depends on several 
factors: for example, a rabid animal may 
not have virus in its salivary glands, pro- 
tection provided by clothing may be so 
great that little or no virus enters the 
wound produced, and virus may be removed 
from open wounds by cleansing with soap 
and water, Susceptibility of man to rabies 
appears to be relatively great: Koch (1930), 
for example, cites Bauhin’s observation 
that 9 of 12 persons were infected by the 
bites of one rabid wolf. Likewise, Fether- 
ston et al. (1932) observed 4 cases of rabies 
in 8 sailors bitten on their hands by a stray 
dog which they had picked up in a Chinese 
port and taken on board a destroyer of the 
U.S. Navy. The danger of bites about the 
head and face is great as is shown by Kraus 
et al. (1926), who reported a mortality of 
11 per cent for children and 3 per cent for 
adults bitten on the head by animals sus- 
pected of being rabid, despite treatment 
with vaccine. Of the first 214 patients with 
face bites treated at the Pasteur Institute 
in Paris, 12 or 5.6 per cent died of rabies 
despite vaccine treatment. A false sense of 
security is given by European statistics on 

vaccination against rabies, as they ordinar- 
ily include only the reduced mortality rate, 
which takes into account only those cases 
of rabies that develop 2 or more weeks after 
the completion of the treatment, the as- 
sumption being that those dev eloping before 
that time do not represent failures of treat- 
ment. The most extensive statistics as to 
attack rate of rabies for man are those of 
Schuder which, as quoted by Kraus et al. 
(1926), list 1,325 deaths from rabies in a 
group of 14,959 persons bitten by rabid ani- 
mals, a rate of 9 per cent. This information 
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was obtained from records antedating vac- 
cine treatment. 
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Measures necessary for the eradication of 
rabies from domestic dogs have been known 
for more than 100 years; they are measures 
which prevent any dog from biting another 
for a period of the longest latency of the 
disease, Essential regulations include licens- 
ing of dogs and taxation of their owners, 
seizure and destruction of all stray dogs, 
quarantine or muzzling of all owned dogs 
while rabies prevails and for a period of 
at least 6 months after the last reported 
case, and subjection of all imported dogs 
to quarantine for 6 months. When rabies is 
prevalent in a community, any dog that has 
bitten a person should be confined in a 
veterinary hospital or dog pound for at least 
7 days to allow observation for signs of 
rabies and to insure that the animal does 
not escape if it has rabies. When a rabid 
dog is discovered, every effort should be 
made to locate all other animals that were 
exposed to it so that they may be destroyed 
or kept in quarantine, 

In order to eradicate rabies from a coun- 
try, efforts must be co-ordinated so that 
control measures will be carried out at the 
same time in all infected regions. This re- 
quires centralized authority and makes for 
uniformity of methods. In Scandinavian 
countries, the British Isles, and Canada, 
where the disease has been eliminated, the 
Ministry of Agriculture was given the au- 
thority to carry out the necessary control 
provisions, There has been considerable 
criticism of quarantining imported dogs for 
6 months; nevertheless, this provision is 
justified as shown by the fact that during 
the period of from 1919 to 1939, 16 cases 
of rabies were identified in dogs imported 
into England. Five of the 16 animals de- 
veloped the disease 4 or more months after 
arrival in Great Britain, and one dog held 
for an additional period at the ow ner’s re- 
quest developed rabies 6 months and 24 
days after arrival ( Galloway, 1945). 
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In view of the fact that rabies is main- 
tained solely in animals, primarily the dog, 
control work should be supervised by the 
Bureau of Animal Industry of the U. S. 
Department of Agriculture, As yet, this bu- 
reau does not have authority to enforce 
rabies control on a national basis. Under 
existing conditions, rabies control in the 
United States is under the jurisdiction of 
the State Health Department, the State 
Department of Agriculture, or both. For the 
most part, control work is conducted on a 
municipal or county basis, and is main- 
tained only so long as an emergency exists. 
Past experience has shown that the disease 
is apt to be of epizootic proportions in a 
locality before the state authorities are 
aware of the outbreak. It is the local veteri- 
narian who will first learn of the presence 
of the disease, and he should be required 
to report immediately all suspected cases of 
rabies in dogs to the proper state official. 
In Canada, outbreaks of rabies are con- 
trolled entirely by quarantine restrictions, 
and all suspected cases of rabies are reported 
to the nearest veterinary inspector or to the 
veterinary director general of the depart- 
ment of agriculture. 

Rabies in wild animals may be combatted 
by hunting and trapping. The U. S. Fish 
and Wildlife Service, division of predatory 
animal control, has trained personnel to 
supervise this type of work. If the hosts and 
vectors among the wild animals are drasti- 
cally reduced in number in and around a 
focus of rabies, the disease cannot persist 
If this is not done, the disease will kill most 
of the animals anyway, and in the mean- 
time the infection will have spread to other 
regions, 

The development of a vaccine for immu- 
nization of dogs by Umeno et al. (1921) 
has added another means for combating 
rabies. The Umeno and Doi vaccine was 
a modified Fermi vaccine in that it con- 
tained 0.5 per cent phenol. There was 20 
per cent of brain tissue in the vaccine and 
glycerol was added as a preservative, The 
chemically treated virus was exposed to 
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room temperature for two weeks or was 
held at refrigerator temperature for a month 
before use. The fixed virus may remain 
active for two or three months in this type 
of vaccine. Vaccination consisted of the sub- 
cutaneous injection of a single dose of 5 cc. 
of the vaccine; this was the equivalent of 
an entire course of vaccination in human 
beings. Results obtained in the large-scale 
use of the vaccine in dogs in Japan (Umeno 
et al., 1921; McKendrick, 1933) showed 
clearly that it was very effective. This type 
of vaccine was used on a large scale in the 
United States during the period from 1922 
to 1928; it is estimated that more than 
2,000,000 dogs were immunized. The studies 
of Eichhorn et al. (1924) confirmed the ex- 
perimental work of the Japanese investiga- 
tors, Since vaccination of dogs was not con- 
ducted by official agencies in the United 
States, it was impossible to obtain statistics 
regarding its effectiveness. One possible case 
of rabies caused by the vaccine was ob- 
served in approximately 30,000 dogs immu- 
nized in Japan, and in the United States it 
was observed that, in extremely rare instan- 
ces, the vaccine could produce infection 
(Schoening, 1925). This led to a ruling by 
the U.S. Department of Agriculture that ra- 
bies vaccines used for immunization of dogs 
must contain no active virus as determined 
by standard safety tests. The fear of spread- 
ing rabies by vaccination of dogs with ac- 
tive, fixed virus was unjustified in that fixed 
virus does not propagate in salivary glands 
and is not found in saliva; furthermore, the 
disease produced in this way is uniformly of 
the paralytic type. In order to meet the 
requirement of safety tests, the commercial 
laboratories prepared a canine vaccine of 
the Semple type in which the concentration 
of brain tissue was 20 per cent. Results of 
experimental studies of immunization of 
animals with this vaccine were reported, 
and, since they were almost uniformly nega- 
tive, immunization of dogs against rabies 
was criticized by medical and lay persons. 
The chloroform-treated vaccine of Kelser 
(1930) gained favor because of the clear- 
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cut positive results obtained in intramus- 
cular potency tests conducted in rabbits. 
When tested in dogs this vaccine was found 
to produce a high degree of resistance to 
experimental inoculation; furthermore, if 
stored for as long as 16 months at refrig- 
erator temperature, it still retained its 
immunizing capacity (Leach et al., 1942). 
Canine vaccine of the Semple type has been 
improved since the introduction of the 
mouse-potency test and has been shown to 
be an effective immunizing agent when 
tested in dogs; immunity produced by a 
single injection of the vaccine persists for 
at least a year (Johnson, 1945b). There- 
fore, vaccination of dogs is recommended 
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for use in places where quarantine of such 
animals cannot be enforced effectively or 
where the disease is present in wild animals. 
In order to be highly effective as a means 
of controlling rabies, vaccination of dogs 
must be combined with other control regu- 
lations such as licensing of all owned dogs 
and collection of all unlicensed dogs found 
at large. In order to secure prompt reces- 
sion of the disease and simplify the collec- 
tion of stray dogs, it is advisable to enforce 
a 90-day quarantine for all dogs. During 
this period owned dogs may be vaccinated, 
and, since some of these will have been 
exposed prior to vaccination, spread of the 
disease by such animals will be limited. 


REFERENCES 


Bouley, H., 1863, Rapport sur la rage. Bull. Acad. imp. 
méd., Paris, 28, 702-767. 

Cabot, F., 1899, The cauterization of wounds infected 
with the virus of rabies after an interval of 
twenty-four hours. Med. News, 74, 329-331. 

Calmette, A., 1891, Notes sur la rage en Indo-Chine. 
Ann. Inst. Pasteur, 5, 633-641. 

Carini, A., 1911, Sur une grande épizootie de rage. 
Ann. Inst. Pasteur, 25, 843-846. 

Casals, J., and Palacios, R., 1941, The complement 
fixation test in the diagnosis of virus infections of 
the central nervous system. J. Exp. Med., 74, 409- 
426. 

Covell, G., McGuire, J. P., Stephens, E. D., and 
Lahiri, B. N., 1936, Notes on antirabic immuniza- 
tion. Indian J. Med. Res., 24, 373-388. 

Cox, H. R., Van der Scheer, J., Aiston, S., and Bohnel, 
E., 1947, The purification and concentration of 
influenza-virus by means of alcohol precipitation. 
J. Immunol., 56, 149-166. 

Cumming, J. G., 1914, Rabies-hydrophobia. J. Infect. 
Dis., 14, 33-52. 

Dawson, J. R., Jr., 1941, A study of chick-embryo- 
adapted rabies virus. Am, J. Path., 17, 177-187. 

Eichhorn, A., and Lyon, B. M., 1924, Prophylactic 
rabies immunization by the one-injection method. 
J. Am. Vet. Med. Assn., 64, 690-696. 

Ekstrom, F. A., 1830, Rabies epidemic at Stockholm 
in 1824, London Med. Gaz., 6, 689-691, 

Ferenbaugh, T. L., 1916, A note concerning the oc- 
currence of hydrophobia in the foxes of Alaska. 
Military Surg., Washington, 38, 656-657. 

Fermi, C., 1908, Uber die Immunisierung gegen 
Wutkrankheit. Ztschr. f. Hyg. u. Infektionskr., 58, 
233-276. 

Fetherston, J. E., and Cooper, G. F., 1932, Rabies. 
Report of four deaths resulting from bites on the 
fingers by the same rabid animal. U. S. Naval 
Med. Bull., 30, 314-321. 


Galloway, I. A., and Elford, W. J., 1936, Size of 
virus of rabies (“fixed” strain) by ultrafiltration 
analysis. J. Hyg., 36, 532-535. 

Galloway, I. A., 1945, Rabies. A review of recent 
articles. Trop. Dis. Bull., 42, 674-683. 

Galtier, V., 1879, Etudes sur la rage. Compt. rend. 
Acad. sci., 89, 444-446. 

Geiger, J. C., 1916, Is rabies under control in Cali- 
fornia? California State J. Med., 1/4, 58-60. 

Giron, A. T., 1944, El vampiro portador de virus del 
derriengue. Revista de la Soc. Mexicana Hist. 
Natural, 5, 35-42. 

Goodpasture, E. W., 1925, A study of rabies. Am. J. 
Path., 1, 547-582. 

Habel, K., 1940, Evaluation of a mouse test for the 
standardization of the immunizing power of anti- 
rabies vaccines. Pub. Health Rep., 55, 1473-1487. 

Habel, K., 1947, Ultraviolet irradiation in the pro- 
duction of potent antirabies vaccines. Pub. Health 
Rep., 62, 791-800. 

Hall, O., 1940, Rabies. Canad. J. Comp. Med., 4 
146-149. 

Harris, D. L., and Shackell, L. F., 1911, The effect 
of vacuum desiccation on the virus of rabies, with 
remarks on a new method. J. Infect. Dis., 8, 47-49. 

Harvey, W. F., and Acton, H. W., 1923, An examina- 
tion into the degree of efficacy of anti-rabic treat- 
ment. Indian J. Med. Res., 10, 1020-1077. 

Haupt, H., and Rehaag, H., 1921, Durch Fledermiiuse 
verbreitete seuchenhafte Tollwut unter Viehbe- 
stiinden in Santa Catharina (Siid-Brasilien). Ztschr. 
f. Infektionskr., 22, 104-127, 

Hodes, H. L., Webster, L. T., and Lavin, G. I., 1940, 
The use of ultraviolet light in preparing a non- 
virulent antirabies vaccine. J. Exp. Med., 72, 437- 
444, 

Hogyes, A., 1897, Lyssa, in Nothnagel, H., Spezielle 
Pathologie und Therapie, Alfred Holder, Wien., v. 5 
pt. 5. Abt, 2, 12240, 


, 


’ 


REFERENCES 


Horack, H. M., 1939, Allergy as a factor in the de- 
velopment of reactions to antirabic treatment. Am, 
J. Med. Sci., 197, 672-682. 

Hoyt, A., and Jungeblut, C. W., 1930, Experimental 
rabies in white mice and attempted chemotherapy. 
J. Infect. Dis., 47, 418-424. 

Hoyt, A., and Gurley, M. K., 1938, Experimental 
street virus rabies in white mice. Studies on passive 
immunization. IT. Proc. Soc. Exp. Biol. and Med., 
38, 40-42. 

Hudson, J. R., 1944, A short note on the history of 
rabies in Kenya. East African Med. I ats Baa-ae7, 

Hurst, E. W., and Pawan, J. L., 1931, An outbreak 
of rabies in Trinidad. Lancet, 2, 622-628. 

Hurst, E. W., and Pawan, J. L., 1932, A further ac- 
count of the Trinidad outbreak of acute rabic 
myelitis. J. Path. and Bact., 85, 301-321, 

Johnson, H. N., and Leach, C. N., 1940, Comparative 
susceptibility of different strains of mice to rabies 
virus. Am. J. Hyg., Sect. B, 32, 38-45, 

Johnson, H. N., 1942, The significance of the Negri 
body in the diagnosis and epidemiology of rabies. 
Illinois Med. J., 87, 382-388. 

Johnson, H. N., 1945a, Fox rabies. J. Med. Assn. 
Alabama, 14, 268-271. 

Johnson, H. N., 1945b, Experimental and field studies 
of canine rabies vaccination. Proc. 49th U. S. Live- 
stock San. Assn., 99-107, 

Johnson, H. N., 1948, Derriengue. Vampire bat rabies 
in Mexico, Am. J. Hyg., 47, 189-204. 

Kabat, E. A., Wolf, A., and Bezer, A. E., 1947, The 
rapid production of acute disseminated encephalo- 
myelitis in rhesus monkeys by injection of heter- 
ologous and homologous brain tissue with adjuvants. 
J. Exp. Med., 85, 117-130. 

Kanazawa, K., 1936, Sur la culture in vitro du virus 
de la rage. Japanese J. Exp. Med., 14, 519-522. 

Kelser, R. A., 1930, Chloroform-treated rabies vac- 
cine. J. Am. Vet. Med. Assn., 77, 595-603. 

Kligler, I. J., and Bernkopf, H., 1938, Cultivation of 
rabies virus in the allantois of the developing chick 
embryo. Proc. Soc. Exp. Biol. and Med., 39, 212- 
214, 

Kligler, I. J., and Bernkopf, H., 1941, Studies on the 
cultivation and antigenic characters of rabies virus. 
Am. J. Hyg., Sect. B, 33, 1-8. 

Koch, J., 1930, Lyssa, in Kolle, W., Kraus, R., and 
Uhlenhuth, P.: Handbuch der pathogenen Mikro- 
organismen ed. 3. Jena, Fischer, Vol. 8, 547-673. 

Koprowski, H., and Cox, H. R., 1947, Studies on 
rabies infection in developing chick embryoes. J. 
Bact., 54, 74. 

Kraus, R., Gerlach, F., and Schweinburg, F., 1926, 
Lyssa bei Mensch und Tier. Berlin, Urban. 

Leach, C. N., and Johnson, H. N., 1940, Human 
rabies, with special reference to virus distribution 
and titer. Am. J. Trop. Med., 20, 335-340. 

seach, C. N., and Johnson, H. N., 1942, Effect of 
prolonged storage on the antigenicity of chloro- 
form-inactivated canine rabies vaccine. Am. J. Pub. 
Health, 32, 1380-1382. 

evinson, S. O., Milzer, A., Shaughnessy, H. J., Neal, 
J. L., and Oppenheimer, F., 1945, A new method 
for the production of potent inactivated vaccines 


243 


with ultraviolet irradiation, IL. Sterilization of bac- 
teria and immunization with rabies and St. Louis 
encephalitis vaccines. J. Immunol., 50, 317-329. 

Mallory, F. B., 1938, Pathological Technique. Phila- 
delphia, Saunders, 

Mallory, L. B., 1915, Campaign against rabies in 
Modoe and Lassen counties, California, California 
State Board Health Bull., 1B ae yoy de Qu 

McKendrick, A. G., 1933, Rabies. A review of recent 
articles. Trop. Dis. Bull., 30, 575-587. 

McKendrick, A. G., 1940, A ninth analytical review 
of reports from Pasteur Institutes on the results 
of anti-rabies treatment. Bull. Health Organ., 
League of Nations, 9, 31-78. 

Morgan, I. M., 1947, Allergic encephalomyelitis in 
monkeys in response to injection of normal monkey 
nervous tissue. J. Exp. Med., 85, 131-140. 

Mullett, C. F., 1945, Hydrophobia, its history in Eng- 
land to 1800. Bull. Hist. Med., 18, 44-65. 

Negri, A., 1903, Beitrag zum Studium der Aetiologie 
der Tollwuth, Ztschr. f. Hyg. u. Infektionskr., 43, 
507-528. 

Nicolas, M. J., 1906, Apparition de la virulence dans 
la salive mixte des animaux rabiques, Compt. rend. 
Soc. biol., 60, 625-626. 

Nicolau, S., Mathis, C., and Constantinesco, V., 1933, 
La rage autochtone (maladie du chien fou) en 
Afrique occidentale francaise (étude critique et ex- 
périmentale). Ann, Inst. Pasteur, 50, 778-839. 

Pasteur, L., Chamberland and Roux, 1881a, Sur une 
maladie nouvelle, provoquée par la salive d’un 
enfant mort de la rage. Compt, rend. Acad. sci., 92, 
159-165. 

Pasteur, L., Chamberland, Roux, and Thuillier, 1881b, 
Sur la rage. Compt. rend. Acad. sci., 0.2, 1259-1260. 

Pasteur, L., Chamberland and Roux, 1884, Nouvelle 
communication sur la rage. Compt. rend, Acad, sci., 
98, 457-463. 

Pasteur, L., 1885, Méthode pour prévenir la rage aprés 
morsure. Compt. rend. Acad. sci., 101, 765-772. 
Pawan, J. L., 1936a, The transmission of paralytic 
rabies in Trinidad by the vampire bat (Desmodus 
rotundus murinus Wagner, 1840). Ann. Trop. Med. 

and Parasitol., 3V, 101-130. 

Pawan, J. L., 1936b, Rabies in the vampire bat of 
Trinidad, with special reference to the clinical 
course and the latency of infection. Ann. Trop. 
Med. and Parasitol., 30, 401-422. 

Poor, D. W., 1911, The late cauterization by means 
of nitric acid of wounds infected with rabies virus. 
Collected studies from the Research Laboratory, 
Department of Health, City of New York, 6, 25. 

Proca, G., and Bobes, S., 1940, Anti-rabic immunisa- 
tion: living vaccines and killed vaccines. Bull. 
Health Organ., League of Nations, ¥, 79-130. 

Records, E., 1932, Rabies. Its history in Nevada. 
California and West. Med., 37, 90-94. 

Reed, L. J., and Muench, H., 1938, A simple method 
of estimating fifty per cent endpoints. Am. J. Hyg., 
27, 493-497. 

Remlinger, P., 1903, Le passage du virus rabique a 
travers les filtres. Ann. Inst. Pasteur, 77, 834-849. 


244 


Remlinger, P., 1907, Persistence du virus rabique dans 
la salive du chien guéri de la rage. Compt. rend. Soc. 
biol., 62, 800-802. 

Remlinger, P., 1919, Action de l’éther sur le virus 
rabique. Ann. Inst. Pasteur, 33, 616-633. 

Remlinger, P., 1935, La rage dite de laboratoire. Ann. 
Inst. Pasteur, 55, (Suppl.), 35-68. 

Rivers, T. M., Sprunt, D. H., and Berry, G. P., 1933, 
Observations on attempts to produce acute dissem- 
inated encephalomyelitis in monkeys. J. Exp. Med., 
58, 39-53. 

Rosenau, M. J., 1935, Preventive Medicine and Hy- 
giene. ed. 6, New York, Appleton, p. 353. 

Roux, E., 1887, Note sur un moyen de conserver les 
moelles rabiques avec leur virulence. Ann. Inst. 
Pasteur, 1, 87. 

Schoening, H. W., 1925, Studies on the single-injec- 
tion method of vaccination as a prophylactic against 
rabies in dogs. J. Agricultural Research, 30, 431-439. 

Schoening, H. W., 1946, Report of the committee on 
rabies. Proc. 50th U. S. Livestock San. Assn., 39-42. 

Sellers, T. F., 1923, A simple modification of Hogyes 
dilution method of preparing antirabic treatment. 
Am. J. Pub. Health, 73, 813-815. 

Sellers, T. F., 1927, A new method for staining Negri 
bodies of rabies. Am. J. Pub. Health, 17, 1080-1081. 

Sellers, T. F., 1947, Complications of antirabic treat- 
ment. J. Med. Assn. Georgia, 36, 30-35. 

Semple, D., 1919, On the nature of rabies and anti- 
rabic treatment. Brit. Med. J., 2, 333-336. 

Seton, E. T., 1925, Lives of Game Animals. Double- 
day, Doran, Garden City, 1, 2. 

Shaughnessy, H. J., and Zichis, J., 1943, Prevention 
of experimental rabies. J. Am. Med. Assn., 123, 
528-533. 

Shortt, H. E., McGuire, J. P., Brooks, A. G., and 
Stephens, E. D., 1935, Anti-rabic immunization: 
Probable lines of progress in improvement of 
methods. Indian J. Med. Res., 22, 537-556. 

Shortt, H. E., McGuire, J. P., Brooks, A. G., Stephens, 
E. D., and Lahiri, B. N., 1937, The relative im- 
munizing values of different forms of antirabic 
vaccine and the duration of immunity in experi- 
mentally immunized animals. Indian J. Med. Res., 
25, 483-497. 

Snyman, P. S., 1937, Rabies in South Africa. J. South 
African Vet. Med. Assn., 8, 126-133. 


RABIES 


Stimson, A. M., 1910, Facts and Problems of Rabies. 
Government Printing Office, Washington, D. C. 
(Hyg. Lab. Bull. 65). 

Stuart, G., and Krikorian, K. S., 1928, The neuro- 
paralytic accidents of anti-rabies treatment. Ann. 
Trop. Med. and Parasitol, 22, 327-377. 

Tardieu, M., 1863, Rapport sur la rage. Bull. Acad. 
imp. méd., Paris, 28, 1146-1162. 

TenBroeck, C., and Herriott, R. M., 1946, Viruses in- 
activated by mustard (Bis (b-chloroethyl) sulfide) 
as vaccines. Proc. Soc. Exp. Biol. and Med., 62, 
271-272. 

Thacher, J., 1812, Observations on Hydrophobia. 
Joseph Arey, Plymouth, Mass. 

Torres, S., and Lima, E. de Queiroz, 1935, A raiva 
nos morcegos hematophagos (Desmodus rotundus 
murinus). Revista do Departamento Nacional da 
Produccao Animal. Rio de Janeiro, 2, 385-398. 

Umeno, S., and Doi, Y., 1921, A study on the anti- 
rabic inoculation of dogs. Kitasato Arch. Exp. Med., 
4, 89-108. 

Verteuil, E. de, and Urich, F. W., 1936, The study 
and control of paralytic rabies transmitted by bats 
in Trinidad, British West Indies. Trans. Roy. Soc. 
Trop. Med. and Hyg., 29, 317-347. 

Webster, L. T., and Dawson, J. R., Jr., 1935, Early 
diagnosis of rabies by mouse inoculation. Measure- 
ment of humoral immunity to rabies by mouse pro- 
tection test. Proc. Soc. Exp. Biol. and Med., 32, 
570-573. 

Webster, L. T., 1936, Diagnostic and immunological 
tests of rabies in mice. Am. J. Pub. Health, 26, 1207- 
1210. 

Webster, L. T., and Clow, A. D., 1936, Propagation of 
rabies virus in tissue culture and the successful use 
of culture virus as an antirabic vaccine. Science, 84, 
487-488. 

Webster, L. T., 1939, A mouse test for measuring the 
immunizing potency of antirabies vaccines. J. Exp. 
Med., 70, 87-106. 

Webster, L. T., 1942, Rabies. Macmillan, New York. 

Wilkinson, D. L., 1894, Rabies and hydrophobia in 
Alabama. Alabama ,Med. & Surg. Age, 6, 557-584. 

Yount, C. E., 1910, Rabies, with reports of cases from 
skunk bites. South. California Pract., 25, 105-116. 


LL) TC) ND | |) (|) |) SD |) |) RD |) OD) QD |) | ee ee ee) ee) ee ee 
’ ” ‘ ” ” “ “ — 


HOWARD A. HOWE, mw. 


Poliomyelitis Research Center, The Johns Hopkins University 





10 


Poliomyelitis 


INTRODUCTION 


Poliomyelitis is a common virus disease 
which usually runs a mild course char- 
acterized by upper respiratory or gastro- 
intestinal symptoms, but occasionally the 
picture is complicated by signs indicating 
invasion of the CNS. Under the latter con- 
ditions the virus is widely disseminated 
through the neuraxis but the clinical pic- 
ture of the disease is dominated by flaccid 
paralysis of voluntary muscles resulting 
from destruction of motor neurons in the 
spinal cord. 


HISTORY 


Although the disease was clearly recog- 
nized during the latter part of the 18th 
century, the first systematic description of 
it was made by Heine in 1840. During the 
next 50 years, many cases of infantile 
paralysis were recorded in the literature, 
but Medin’s account in 1891 was the first 
chronicle of an epidemic of any magnitude 
(44 cases). While there is no doubt that 
poliomyelitis has existed from antiquity, it 
is conceivable, for reasons which will be 
discussed later, that the disease was gradu- 
ally changing from an endemic to an epi- 
demic status during the 19th century, and 
that the Stockholm epidemic of 1887, de- 
scribed by Medin, was possibly the first 
outbreak of paralytic poliomyelitis to occur 


on a sufficiently large scale to attract notice. 
Wickman (1913) who studied an epidemic 
in Sweden in 1905 was the first to marshal 
evidence of the infectious nature of polio- 
myelitis and show a chain of transmission 
from one person to another. Landsteiner 
and Popper (1909) succeeded in producing 
a febrile illness characterized by flaccid 
paralysis in a monkey by the injection of 
an emulsion of the spinal cord from a fatal 
case of poliomyelitis. Shortly after the find- 
ing of a suitable experimental animal, a 
virus was demonstrated to be the cause of 
the disease and the foundation for modern 
investigations was laid. 


CLINICAL PICTURE 

The incubation period of poliomyelitis is 
not definitely known, but it probably ranges 
from 5 to 35 days, with the majority of the 
cases occurring 7 to 14 days after exposure. 
The disease may simulate a mild upper re- 
spiratory infection, with headache or a 
nonexudative pharyngitis, or it can be 
ushered in by what appears to be a simple 
gastro-intestinal disturbance with nausea 
and vomiting. Constipation is much com- 
moner, however, than diarrhea. Fever is 
almost invariably present. There may be a 
slight polymorphonuclear leukocytosis. This 
mild syndrome may be present without 
other localizing signs and in itself consti- 
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tutes evidence of infection with polio- 
myelitis virus. However, it cannot be diag- 
nosed as such outside of an epidemic 
setting except by the isolation of virus or 
by a demonstration in paired sera of in- 
crease in antibody titer against the virus. 
The latter has rarely been done. Even in a 
family where paralytic poliomyelitis exists, 
these minor illnesses cannot be classified as 
poliomyelitis with complete assurance in 
the absence of virus studies. Yet epi- 
demiologic evidence shows beyond doubt 
that the majority of poliomyelitis infections 
do not produce paralysis or even symptoms 
referable to the CNS. The first phase of 
poliomyelitis may thus subside entirely, or 
may be followed in a few days by a re- 
crudescence in which CNS signs play a 
role. More frequently in paralytic cases the 
first phase of the disease persists for several 
days before the gradual appearance of 
muscle tenderness and stiffness, occasional 
fibrillary twitching, rigidity of neck and 
back with pain when an attempt is made 
to place the chin on the chest. Very com- 
monly extension of the knee with the thigh 
flexed produces pain and increased tone in 
the stretched muscles (Kernig’s sign). 
There is frequently slight retraction of the 
head, and the anterior neck muscles appear 
weak, so that when the patient is raised 
the head drops back. Cutaneous paraesthe- 
sias are not uncommon but are usually 
mild. The patient is frequently drowsy, the 
face is flushed and there may be profuse 
sweating. Lumbar puncture at this stage 
usually shows an abnormal number of 
granulocytes or lymphocytes in the cere- 
brospinal fluid. Later when paralysis or 
weakness is apparent a mononuclear pleocy- 
tosis is nearly always present, but the 
counts are low, ranging from 15 to 200 
cells per c.mm. and seldom exceeding 400 
or 500. Increased protein is usually demon- 
strable in the CSF, and persists for some 
weeks after the cell count has returned to 
normal. The sugar content of the CSF is 
normal. The colloidal gold curve is often 
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shifted to the left, but shows nothing 
peculiar to poliomyelitis. 

Fever may subside shortly before or after 
the appearance of paralysis and seldom 
persists for more than three or four days 
in the absence of intercurrent infection. 
Paralysis is of the flaccid lower motor 
neuron type with diminution or abolition 
of tendon reflexes; the preparalytic stage, 
however, may be characterized by con- 
siderable increase in muscle tone and ex- 
aggeration of reflexes. The final picture 
presented by the patient usually is a mix- 
ture of hypertonia and hypotonia in the 
muscles. Hypotonia and complete flaccidity 
will dominate in proportion to the loss of 
function in the motor neurons, while hyper- 
tonia may be apparent in muscles where the 
effector portion of the reflex arc is still 
sufficiently intact to discharge impulses to 
them. While it is customary to speak of the 
involvement of various muscle groups, this 
is secondary to the destruction of their 
innervation. There is no evidence that the 
virus acts directly upon muscle fibers. 
About half of the paralytic cases show in- 
volvement of the legs alone and from 80 
to 90 per cent have leg paralysis in con- 
junction with that of arms, trunk, etc. 
Isolated paralysis of arms is relatively rare 
(about 10 per cent). The muscles most 
commonly involved in the arm are those of 
the shoulder girdle, but the intrinsic mus- 
cles of the hand are affected more fre- 
quently than are those of the forearm. In 
the leg, the tibialis anterior and posterior 
muscles are especially selected, but the re- 
maining muscles of the lower leg are 
affected more regularly than are those of 
the foot, thigh, or pelvic girdle. Paralyses 
of the diaphragm and of intercostal, ab- 
dominal, or back muscles, or muscles sup- 
plied by cranial nerves are less common 
than are those of the limbs. Spasticity is 
most commonly seen in the hamstrings and 
the muscles of the axial skeleton. There is 
considerable disagreement among clinicians 
regarding the frequency of spasticity in 
other muscle groups. While urinary reten- 
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tion is not uncommon and obstinate con- 
Stipation is almost the rule, there are few 
other evidences of lasting disturbance in the 
autonomic nervous system. Hypertrichosis 
of severely paralyzed limbs has been 
described. Some patients with bulbar po- 
liomyelitis show signs of vasomotor dis- 
turbances with flushing of the skin, rapid 
pulse and low blood pressure; a few show 
a transitory hypertension. The clinical pic- 
ture of poliomyelitis has been very ably 
discussed by Peabody et al. (1912), and lit- 
tle has been added to their observations 
except a greater emphasis on the spasticity 
of unparalyzed and partially paralyzed 
muscles. 

Paralysis usually reaches its maximum 
extent before the fifth day following its ap- 
pearance. From the time that paralysis is 
no longer progressive, the titer of virus in 
the spinal cord falls very rapidly and be- 
comes negligible within a week (Bodian 
and Cumberland, 1947). It is known, how- 
ever, that a patient may continue to elimi- 
nate virus in the stools for a much longer 
period, even though the disease in the CNS 
is probably arrested. Also, the patient may 
continue to have muscle spasm and tender- 
ness for some weeks, although these are not 
in themselves necessarily an indication of 
continued virus activity. Relapses have been 
recorded, but are rare. 

The clinical features of poliomyelitis may 
be summarized in the following manner. 
The disease has a wide range of manifesta- 
tions varying in severity. While it is pos- 
sible for people to harbor the virus in their 
throats or intestinal tracts without any 
consciousness of illness, it is difficult to 
say that these episodes are true infections 
leading to immunity. The generally recog- 
nized forms of poliomyelitis are the abor- 
tive, the nonparalytic and the paralytic. 
The abortive type may equally well be 
called a minor illness, since there is nothing 
about its symptomatology which is unique 
to poliomyelitis. Nonparalytic poliomye- 
litis, on the other hand, is a syndrome in 
which there is evidence of invasion of the 


CNS without localizing signs beyond those 
of meningeal irritation and abnormally high 
spinal fluid cell count. While the latter is 
certainly not always present, it must be 
insisted that, for the sake of uniformity in 
diagnosis, this sign be present. It may al- 
ready be clear that there is no such nicely 
defined entity as paralytic poliomyelitis and 
that each patient presents a mélange of 
signs and symptoms indicating damage to 
various parts of the CNS. Thus, flaccid 
paralysis, weakness, in-co-ordination, spas- 
ticity, muscle tenderness, hyperaesthesia or 
various combinations of these phenomena 
may be observed in one patient. No useful 
purpose would be served by separating 
cases of poliomyelitis into various clinical 
types or classes as has been done in the 
past. Rather an attempt will be made in 
the section on pathology to discuss the 
anatomic background of the various mani- 
festations of the disease. 

There are many factors which determine 
the severity of poliomyelitis, but they are 
imperfectly understood. While the dose of 
virus is doubtless of great importance, it is 
difficult to document this in human dis- 
ease. Certainly there is great variability in 
the severity of the disease induced by dif- 
ferent strains of virus in experimental ani- 
mals, and it is to be expected that the 
same would be true of man. Excessive 
amounts of chilling and exercise may in- 
crease the susceptibility of monkeys to in- 
tracerebral inoculation, and Russell (1947) 
has presented evidence that fatigue in the 
normal physiologic range predisposes to 
paralysis in man, Although inanition seems 
to increase the resistance of mice to intra- 
cerebral inoculations of the Lansing strain 
(Foster et al., 1944), it is difficult to carry 
these findings over to human poliomyelitis. 
Evidence has been advanced for genetic 
factors which predispose to paralysis in 
family lines (Aycock, 1942a; Addair and 
Snyder, 1942), but attempts to correlate 
paralytic poliomyelitis with constitutional 
or endocrinologic types are much less con- 
vincing. 
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In asymptomatic carriers and in patients 
with abortive poliomyelitis the virus local- 
izes and probably multiplies primarily in 
the alimentary tract. It is not known 
whether the myenteric plexuses or other 
elements of the intestinal wall are invaded. 
At any rate, it is unlikely that the virus 
propagates in the intestinal contents or that 
its invasion extends as far as the CNS. 
While hypertrophy of Peyers patches has 
been described, its relationship to the dis- 
ease is far from clear. Cases of nonpara- 
lytic and paralytic poliomyelitis also show 
the same alimentary localization of virus, 
but, in addition, evidence of varying de- 
grees of invasion of the CNS. Rarely has 
virus been demonstrated in the blood or in 
lymph glands, so that these tissues appear 
to be of no significance in the spread of the 
virus from the alimentary tract to the CNS. 
No characteristic lesions are found out- 
side the nervous system. A great body of 
evidence has now been accumulated from 
experiments on monkeys and chimpanzees 
which shows that the poliomyelitis virus is 
highly neurotropic and that it spreads cen- 
tripetally along the axons of peripheral 
nerves. In man the best evidence for the 
axonal spread of the virus from the peri- 
phery to the CNS is derived from the many 
instances on record in which bulbar polio- 
myelitis has occurred very dramatically 
within one or four weeks following the re- 
moval of tonsils (Francis et al., 1942). It 
has also been found that cases of polio- 
myelitis occurring within 60 days of tonsil- 
lectomy show a marked concentration of 
bulbar types in the first month, whereas 
spinal poliomyelitis is randomly distributed 
over the entire period (Aycock, 1942b). 
Since it is known that virus can be isolated 
from the throats and tonsils of apparently 
healthy children (Howe and Bodian, 1947; 
Kessel and Moore, 1945), it is difficult to 
escape the conclusion that the trauma of 
operation plays a part in the inoculation 
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of exposed fibers of the glossopharyngeal 
nerve. 

Lesions of poliomyelitis are found wher- 
ever neurons have undergone destruction 
by virus. They consist of neuronal ne- 
crosis which excites considerable reaction 
among the various types of mesodermal 
cells participating in inflammation. The 
site of neuronal injury or destruction be- 
comes infiltrated with lymphocytes, plasma 
cells and macrophages which are often clus- 
tered about disintegrating neurons (Fig. 
29, top, left). Granulocytes are occasionally 
present but do not usually form an im- 
portant part of the exudate. Neighboring 
small venules and arterioles present ad- 
ventitial infiltrations of lymphocytes which 
are called perivascular cuffs; these are 
nearly always present and may be very 
heavy (Fig. 29, top, right). Despite the 
mushrooming of the cut ends of the spinal 
cord in fatal cases, there is considerable 
anatomic and physiologic evidence that 
edema does not play an important role in 
the pathologic process. Neurons which are 
attacked but not destroyed undergo rever- 
sible chromatolysis of the Nissl material 
in their cytoplasm (Fig. 29, bottom, left) 
and occasionally show acidophilic intra- 
nuclear inclusions (Fig. 29, bottom, right). 
There are, however, no inclusions which 
are pathognomonic of poliomyelitis. The 
cytopathology of poliomyelitis has been ex- 
tensively studied by many workers includ- 
ing Bodian and Howe (1941a) who showed 
that the characteristic cellular reactions 
which have just been described are the re- 
sult of the interaction of the virus with 
only the neuron and its processes. In other 
words, the virus is highly neuronotropic 
and does not react with neuroglia, myelin 
or the vessels of the CNS to produce lesions. 
In this respect, with the exception of 
rabies virus, it is more highly selective than 
other neurotropic viruses, for example those 
of herpes, equine encephalomyelitis and 
Japanese B encephalitis. Poliomyelitis virus 
is capable of progression in the axons of 
the sciatic nerve at a rate of approximately 
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Fic. 29. (Top, left) Anterior horn cell of spinal cord undergoing neuronophagia. 
Monkey B474. Gallocyanin stain x400. 

(Top, right) Anterior horn of spinal cord of chimpanzee A392 showing acute 
perivascular cuffing and focal areas of lymphocytic infiltration. Gallocyanin 
stain x40, 

(Bottom, left) Anterior horn of monkey spinal cord showing chromatolytic 
anterior horn cells adjacent to a focus of phagocytes marking the site of a virus- 
killed neuron. Note disappearance of Nissl bodies and eccentricity of nuclei. 


Monkey B32. Gallocyanin stain x400. 
(Bottom, right) Recovering anterior horn cell showing nucleolus and intra- 
nuclear inclusion (latter surrounded by clear zone). Monkey B32. Gallocyanin 


stain x400. 
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2.4 mm. per hour (Bodian and Howe, 
1941b). It also follows nerve fiber pathways 
within the CNS, and in fatal cases achieves 
a distribution which is conditioned by the 
susceptibility of certain nerve centers and 
their anatomic connections. Thus, termin- 
ally one finds a distribution of lesions 
(Howe and Bodian, 1941a) and of virus 
(Sabin and Ward, 1941a) which is char- 
acteristic of poliomyelitis alone. 

In fatal cases, lesions are found in the 


Fic. 30. (Top) Paracentral lobule of 
human cortex, case H12, showing cen- 
tral sulcus (center). Note lesions in 
precentral (motor) cortex and_ their 
absence from the postcentral cortex. 
Gallocyanin stain x3. (Johns Hopkins 
Hospital Bulletin.) 

(Bottom) Cervical cord of nonpar- 
alytic chimpanzee A434 showing ex- 
tensive involvement of anterior horn 


and intermediate gray, Gallocyanin 
Stain x9, 
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anterior horns of the spinal cord and, to a 
lesser extent, in the autonomic and sensory 
columns of the cord. While flaccid paralysis 
dominates the clinical picture, there is, 
nevertheless, an extensive encephalitis 
which is the concomitant of cord invasion. 
Indeed, the distribution of lesions in the 
brain is so characteristic that it distin- 
guishes poliomyelitis from other neuro- 
tropic virus diseases perhaps even more 
clearly than do the lesions in the cord. The 
centers thus involved are the motor cells of 
the reticular formation of the medulla and 
pons, the vestibular nuclei, and their re- 
lated centers in the roof and vermis of the 
cerebellum. The pontine nuclei and the 
cerebellar hemispheres (the neocerebellar 
complex) are spared. Equally characteristic 
is the distribution of lesions in the cerebral 
cortex. Here the areas of destruction are 
confined to the motor and premotor areas. 
They stop sharply at the bottom of the 
central sulcus (Fig. 30, top) and rarely ex- 
tend into the somaesthetic, or postcentral, 
cortex. Lesions are not found in any part of 
the visual system including the optic nerve, 
nor do they occur in the auditory projec- 
tion areas or in any of the association areas 
of the cortex. In none of the virus encepha- 
litides so far investigated is this selection 
observed, but instead an apparently ran- 
dom distribution of lesions throughout the 
brain. Even in poliomyelitis characterized 
by encephalitic symptoms, namely, coma, 
disorientation, delirium, etc., the lesions 
are extraordinarily intense in the brain 
stem, but the cortex is not involved 
throughout as in the virus encephalitides. 
While cortical hypoxia has been evoked to 
explain some of the encephalitic manifesta- 
tions of bulbar poliomyelitis (Brown et ale 
1947a), this still remains to be demon- 
strated. There is no clear anatomic basis 
for impairment of intellect or personality, 
nor have such been described as sequels of 
poliomyelitis. While abnormal changes have 
been noted in the E.E.G. in poliomyelitis 
(Goldbloom et al., 1948), studies are not 
complete enough to make interpretation 
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possible. Transient emotional instability 
has been frequently noted in children con- 
valescent from poliomyelitis, but it seems 
likely that in most cases this represents a 
reaction of the children to their disabilities 
and to the emotional attitudes of their 
families, rather than an evidence of damage 
to thalamic and hypothalamic centers. 

The ability of the virus to spread centrif- 
ugally and its wide distribution in the 
CNS of fatal cases have greatly compli- 
cated the neuropathologic demonstration 
of the portal of entry. For example, the 
fact that virus may migrate from the 
neuraxis into the Gasserian and_ spinal 
ganglia has made it impossible to attach 
any significance to the finding of lesions in 
them. On the other hand, the consistent 
absence of lesions or of virus in the olfac- 
tory bulbs virtually rules out the olfactory 
mucosa as a portal of entry. Similarly the 
rare occurrence of virus in human coeliac 
ganglia (Sabin and Ward, 1941a) and the 
virtual absence of lesions from them 
(Bodian and Howe, 1947) indicates that 
this is not an important route from the 
zut to the CNS. The only remaining nerve 
pathways from the gastro-intestinal tract 
ire the vagus and the visceral afferents, 
the latter entering through the dorsal roots. 
Unfortunately, the frequent localization of 
yaralysis in the legs is not reliable evidence 
or the latter route, nor is there any other 
ndication of the role played by these two 
tential pathways. 

Although the literature contains many 
iccounts of poliomyelitis complicating 
yregnancy, there is no evidence of damage 
o the fetus by placental transmission of 
he virus. On the other hand, it has been 
uggested that pregnancy predisposes to 
aralytic poliomyelitis in the mother (Ay- 
ock, 1941). 

There is no mystery about the process 
vhich produces flaccid paralysis of skeletal 
nuscles. It is destruction of the somatic 
notor nerve supply, and the atrophy and 
ontractures which follow paralysis are en- 
irely in keeping with this fact. While in 
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occasional cases the virus Wipes out prac- 
tically all the motor neurons, leaving the 
patient little or no functional voluntary 
musculature, it is commoner for the effects 
of the disease to be spotty, with certain 
muscle groups, or even entire extremities, 
appearing to be spared. Nevertheless, it is 
a constant finding in experimental polio- 
myelitis and in fatal human cases, that 
lesions are more widespread than would 
have been predicted on the basis of clinical 
findings. This seeming paradox is due to the 
fact that extensive destruction of neurons 
may take place without producing disabil- 
ity, if it is scattered in the anterior horn 
and is not concentrated in a neuron pool 
which innervates a functionally related 
group of muscles. This is illustrated in 
(Fig. 30, bottom) which was taken from a 
series of sections of the cord of a chim- 
panzee in which no paralysis or weakness 
could be detected. While the lesions are 
very striking in the section, the cord a few 
millimeters above or below this point was 
relatively normal in appearance. It is, there- 
fore, possible to have a wide dissemination 
of scattered lesions in the spinal cord with- 
out much functional disturbance. 

The genesis of the spasticity which is 
noted in many unparalyzed muscles has 
been the subject of much recent specula- 
tion. For the most part, such muscles are 
also painful when stretched or palpated, 
and are frequently those most regularly in- 
volved in meningitis or meningismus of 
toxic or infectious etiology. There are few 
facts bearing upon the pathogenesis of this 
syndrome available from human poliomye- 
litis, since the nature of fatal disease 
usually makes adequate muscle checks im- 
possible. While lesions are found in the 
intermediate gray matter of the cord and 
probably involve internuncial neurons, they 
are seldom present except where there is 
also extensive destruction of motor cells. 
It is, therefore, difficult to show that lesions 
in this area are responsible for the genesis 
of spasticity (Bodian, 1947). Bodian (1946) 
has shown that monkeys in the preparalytic 
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stage following intracerebral inoculation 
may have remarkable increases in the tone 
of the leg muscles before either virus or 
lesions can be demonstrated in the lumbo- 
sacral cord. At this stage, virus has reached 
the brain stem and has attacked the large 
motor cells of the reticular formation. 
These are precisely the cell groups which 
on stimulation yield arrest of movement 
and relaxation of muscle tone in the ex- 
tremities (Magoun, 1944). Spasticity may 
thus be characterized as a release phe- 
nomenon resulting from lesions in the brain 
stem. While this may not represent the 
entire mechanism of the so-called muscle 
spasm, it is the only modus operandi which 
has so far been satisfactorily demonstrated. 
At the same time it calls attention to the 
influence of the brain stem lesions which 
are later masked by flaccid paralysis, but 
which doubtless play a greater role than is 
generally recognized in the symptoma- 
tology of poliomyelitis. For example, the 
literature contains occasional descriptions 
of spastic or upper motor neuron poliomye- 
litis. Lesions in the anterior portion of the 
motor cortex (area 4 s, Hines, 1936) are 
known to produce spasticity, but in polio- 
myelitis such lesions are insignificant as 
compared to the massive involvement of 
the centers in the brain stem which also 
regulate muscle tone. Similarly, in so-called 
ataxic cases (Peabody et al., 1912, p. 67), 
signs may be accounted for by a predomi- 
nance of lesions in the vestibulocerebellar 
system. Nevertheless, it must be empha- 
sized that, at least in severe cases, lesions 
are present in practically all susceptible 
levels of the cord and brain even though 
paralysis or weakness may not be clinically 
apparent everywhere (Bodian, 1947). 

The underlying pathology of the muscle 
tenderness is as yet unexplained. It may in 
part be due purely to peripheral factors in- 
cidental to continued spasticity, namely, 
those which produce stiffness and tender- 
ness after unusual exercise, or may repre- 
sent irritative or release phenomena in 
the spinal ganglia, posterior horn of the 
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cord, or brain stem. All these regions are 
known to contain lesions. 

Bulbar poliomyelitis really represents 
a concentration of lesions in those parts of 
the medulla containing the motor nuclei of 
the cranial nerves. Involvement of the eye- 
muscle nuclei is rare; facial and jaw 
paralyses are more common ; and localiza- 
tion of lesions in the nucleus ambiguus still 
more frequent. The familiar early signs of 
the last mentioned lesions are nasal voice, 
difficulty in speaking, deviation of the 
uvula, and regurgitation of fluids through 
the nose. These may be followed by paraly- 
sis of the muscles of deglutition including 
those of the vocal cords and eventual in- 
volvement of respiratory and vasomotor 
centers. Bulbar poliomyelitis may exist 
without obvious signs of cord involvement, 
yet it is very questionable whether the 
cord ever completely escapes invasion; at 
least .bulbar patients admitted without 
obvious paralysis and dying within a few 
hours have many cord lesions. 

Neurons may be attacked by the virus 
and still survive. In making an adjustment 
to virus invasion they undergo certain 
cytologic changes which involve dissolution 
of the Nissl material in the cytoplasm and 
are sometimes accompanied by the forma- 
tion of intranuclear inclusions (Fig. 29, 
bottom, left and right, respectively). Such 
neurons are found in relatively large num- 
bers in early convalescent cords, and un- 
doubtedly represent cells which for a time 
may have been functionless but still viable. 
In experimental animals they disappear al- 
most completely within the first month of 
convalescence during which time the ana- 
tomic restitution of the CNS is virtually at 
an end (Bodian, 1947). This too is the pe- 
riod of most rapid recovery of muscle func- 
tion. From this point further recovery is 
probably achieved by hypertrophy of mus- 
cle fibers and functional adjustments within 
the CNS itself which compensate for per- 
manent deficits. Little or nothing is known 
about the latter, but there is some evidence 
that they may take place. 


ETIOLOGY 


EXPERIMENTAL INFECTION: 
HOST RANGE 


Until comparatively recent years it was 
believed that primates alone were suscep- 
tible to poliomyelitis. However, the Lans- 
ing type of virus which will be discussed 
in the section on etiology, has been shown 
capable of infecting rodents on intracere- 
bral inoculation. It must be realized that 
experimental infections in rodents and in 
most species of primates are induced only 
by direct contact of the virus with nervous 
tissue. This involves intracerebral, intra- 
neural or intranasal inoculation, the last 
producing contact with the exposed fila- 
ments of the olfactory nerves. The success 
of the intranasal method has given rise, by 
analogy, to the erroneous belief that human 
beings are infected by the olfactory portal. 
In recent times it has been realized that 
some of the primates are susceptible to 
infection not only by the methods just de- 
tailed, but also following the feeding of 
virus. While this group includes certain 
monkeys (Kling et al., 1929; Trask and 
Paul, 1941), it appears that these animals 
are not uniformly or highly susceptible to 
many strains of virus by this route. The 
chimpanzee, on the other hand, is such a 
favorable host that it has been accidentally 
infected in the laboratory (Howe and 
Bodian, 1944a). Furthermore, chimpanzees 
are susceptible to oral inoculation of a wide 
range of strains of poliomyelitis virus. 
While the paralytic rate is relatively low, 
a very high percentage of the chimpanzees 
so inoculated become alimentary carriers 
of virus and develop antibody against the 
virus which they have received (Howe and 
Bodian, 1941b; Melnick and Horstmann, 
1947; Howe et al., 1948). The chimpanzee, 
therefore, simulates man very closely in 
its reaction to virus and is a most favorable 
animal for experiments in which this qual- 
ity is of paramount importance. While re- 
sistance to the virus at various portals 
differs among the primates, once infection 
has been produced, the character and dis- 
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tribution of lesions in the CNS is identical 
in the monkey, chimpanzee and man. 
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The etiologic agent of human poliomye- 
litis is a virus which passes easily through 
ordinary bacteria-tight filters. Its smallest 
diameter is estimated to be from 8 to 12 
mut on the basis of filtration experiments 
With gradocol membranes (Elford et al 
1935). 

In recent years efforts have been made 
to determine the physical characteristics of 
the virus by studies of relatively pure 
samples obtained through ultracentrifuga- 
tion. From these, two different concepts of 
the virus have emerged. Gard (1943), on 
the basis of sedimentation and diffusion 
constants and electron microscopy, has 
concluded that the virus isolated from the 
nervous tissues of fatal human 
filamentous with a particle size of 12.5 x 
580 mu. On the other hand, Loring et al. 
(1946), have studied purified samples of 
Lansing virus which have somewhat lower 
sedimentation constants and which in elec- 
tromicrographs appear as slightly asym- 
metric particles with an average diameter 
of 25 mu. It is still too early to say which 
of these concepts more closely approaches 
reality. The difficulties of bioassay and of 
obtaining sufficient quantities of purifed 
virus have greatly hampered the study of 
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its properties. The virus is thought to con- 
tain nucleoprotein (Gard, 1943), but the 
analysis of iis chemical composition is still 
in the incipient stage. 

The virus of poliomyelitis is relatively 
stable in the pH range of 4 to 10 (Loring 
and Schwerdt, 1944). It is inactivated in 
10 minutes at pH 6.85-7.4 in the presence 
of 0.05 parts per million of free chlorine 
(Lensen et al., 1947). Virus in a 10 per cent 
suspension of infected cord is inactivated in 
3.5 days at icebox temperature by 0.3 per 
cent formalin, but resists 0.2 per cent 
formalin and 1 per cent phenol for 10 
days (Brodie, 1935). Schultz and Robin- 
son (1942) have tested in a cursory fashion 
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a great many chemical compounds for viru- 
cidal activity. Among the most successful 
was mercuric chloride which, in a concentra- 
tion of 0.01 gram per cent inactivated 20 
MID of virus within 2 hours at 37° C. Po- 
tassium permanganate also inactivated the 
virus under similar conditions. These, of 
course are not the minimum inactivation 
times. The virus is quite sensitive to oxidiz- 
ing agents, ultraviolet light (Jungeblut, 
1937; Milzer et al., 1945), and heat, being 
inactivated by the latter within 3 minutes at 
a temperature of 50° C. (Shaughnessy et al., 
1930). It resists freezing at —70 or —20° C. 
for 12 months without loss of titer (Mel- 
nick, 1946), is not inactivated by sonic 
vibrations—9,000 cps for 1 hour (Scherp 
and Chambers, 1936), and survives such bac- 
tericidal agents as ether and merthiolate 
(Brodie, 1935). 

While there are an unknown number of 
types and strains of poliomyelitis virus, in 
recent years the Lansing type has emerged 
as a distinct group of which four samples, 
or strains, have been isolated from diverse 
localities. The first was recovered by Arm- 
strong (1939) from a fatal case of polio- 
myelitis in Lansing, Michigan, and is 
known as the Lansing strain. Other strains 
of this type are the YSK from Connecticut, 
the Phillips (Ward and Melnick, 1947) and 
the MEF, (Schlesinger et al., 1943), the 
last two being from the Middle East. This 
type of poliomyelitis virus is characterized 
by its ability to produce paralysis in 
rodents as well as in primates. All four 
constituent strains are immunologically re- 
lated. While serum antibody capable of 
neutralizing the Lansing type becomes more 
frequent with increasing age during child- 
hood and is found in a high proportion of 
the adult population, there is yet insufficient 
evidence to show what relationship this 
type of virus bears to epidemics of polio- 
myelitis, 

The fact that there are multiple strains 
of poliomyelitis virus with different anti- 
genic properties has important implications 
in relation to immunity. While it is well 
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recognized that convalescent monkeys are 
extremely resistant to reinfection with ho- 
mologous virus, second infections can be 
achieved in parts of the nervous system 
which were not invaded during the first 
attack, For example, animals with transec- 
tions of the spinal cord, when inoculated 
with homologous virus on two occasions, 
may suffer within an interval of four or 
five weeks two paralytic attacks of polio- 
myelitis involving the portions of the cord 
above and below the transection respec- 
tively (Howe and Bodian, 1941c,d and 1942, 
Ch. X). It is extremely rare, however, for 
homologous virus to invade an intact spinal 
cord on two occasions. Differences in the 
amount of immunity in the two parts of a 
transected cord are in all probability con- 
nected with the appearance of antibody in 
the invaded portions of the CNS, since it 
has been shown that antibody is present in 
these tissues long before it is demonstrable 
in the blood serum or in uninvaded parts 
of the brain (Morgan, 1947). 

The existence of numerous antigenically 
different strains of poliomyelitis virus might 
be expected to produce a situation in which 
second attacks of the disease take place, 
and in fact, this can be demonstrated both 
in laboratory animals (Kessel and Stim- 
pert, 1941; Howe and Bodian, 1942, Ch. X, 
1941d) and in the human_ population 
(Fischer and Stillerman, 1938). However, 
there are a number of factors which inter- 
fere with a clear understanding of this 
phenomenon even in laboratory  experi- 
ments. One of them is the severity of the 
initial attack. For example, it is generally 
agreed that the paralytic rate is lower in 
convalescent monkeys following reinocula- 
tion, regardless of the strain used for chal- 
lenge, than in monkeys receiving a primary 
inoculation (Paul and Trask, 1933; Len- 
nette and Gordon, 1940; Kessel and Stim- 
pert, 1941), This may be due to nonspecific 
interference, to hitherto unappreciated im- 
munologic factors, or to the fact that in 
convalescent animals there is an absolute 
reduction in the amount of susceptible tis- 
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sue (anterior horn cells) which undoubt- 
edly would influence the outcome of re- 
inoculation regardless of the immunologic 
factors involved, Also, since immunity is 
relative and the strength of the challeng- 
ing inoculum is rarely known, it is not 
surprising that results have been inconsist- 
ent and often contradictory. The inability 
of investigators to correlate the antigenic 
relationships of various strains of virus with 
cross immunity doubtless results from the 
difficulty in arriving at reasonable stand- 
ards for the execution and interpretation of 
the tests. 

Numerous second attacks in human be- 
ings have been summarized by Fischer and 
Stillerman (1938) who attempt to show 
that in the New York City epidemic of 
1935 the rates for first and second attacks 
were of the same order of magnitude. 
According to them, this indicates that little 
or no immunity follows an attack of polio- 
myelitis, The evidence produced consisted 
of 4 patients with second attacks, 2 of 
which are open to question, since in each 
instance one of the attacks was nonpara- 
lytic. A rate derived from such small num- 
bers has little validity. It must be admitted, 
however, that repeated asymptomatic infec- 
tions appear to be quite common, at least 
in adults who have been in contact with 
paralytic poliomyelitis and who are sup- 
posed to have become immune from pre- 
vious exposure. It is, therefore, probable 
that human beings are continuously being 
reinfected with different strains of virus, 
and that an unknown proportion of them, 
who are especially susceptible, have second 
paralytic attacks. Many strains of virus 
have been described (Trask et al., 1937; 
and Kessel et al., 1946), but so little is 
known of their antigenic relationships that 
no one dares suggest how many immuno- 
logically different strains of poliomyelitis 
virus are in existence, or how many types 
might be current during an epidemic or in 
any region over a period of years. Certainly 
the number of totally unrelated types must 
be limited, or it would not be possible for 
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most persons to become successfully immu- 
nized against all of them by 20 years of age. 


DIAGNOSIS 


It is relatively simple to make a diagnosis 
of acute paralytic poliomyelitis, A febrile 
illness accompanied or followed by flaccid 
paralysis, and with an increase of mononu- 
clear cells and protein in the CSF, is patho- 
gnomonic, especially if it occurs in an epi- 
demic setting. Infectious neuronitis, post- 
diphtheritic polyneuritis, and the various 
peripheral neuritides of toxic or meta- 
bolic origin generally have a slower onset 
and produce more intense and varied sen- 
sory symptoms than are characteristic of 
poliomyelitis. In addition, postdiphtheritic 
palatal paralysis is frequently associated 
with loss of accommodation, a condition 
never seen in poliomyelitis. Guillain-Barré 
syndrome is ruled out on the basis of the 
absence of cells and the presence of protein 
in the spinal fluid, although it is indistin- 
guishable from the late stages of poliomye- 
litis in which only increased protein is 
found in the CSF. Amyotrophic lateral scle- 
rosis can be excluded on the basis of its 
chronic progressive character. Where there 
are present encephalitic signs, such as coma, 
or disorientation and hyperactivity, the 
diagnosis is still relatively secure if there 
are flaccid paralyses of the extremities. 

When paralyses are slight or absent, vari- 
ous possibilities must be considered, in- 
cluding the virus encephalitides, lethargic 
encephalitis, postvaccinal or postinfection 
encephalitis, rabies, multiple sclerosis, cere- 
bral malaria, cerebrospinal meningitis, tu- 
berculous meningitis, brain tumor, or any 
acute infection in a young child. To dis- 
tinguish nonparalytic poliomyelitis from the 
meningism which frequently accompanies 
dysentery, mumps, sinusitis and otitis is 
frequently difficult. Arthritis, particularly 
of the spine, and scurvy are occasionally 
confused with poliomyelitis by the uniniti- 
ated. An increase of mononuclear cells and 
protein in the spinal fluid is indicative of 
poliomyelitis, but these phenomena are also 
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found in most of the known virus infections 
of the CNS, in epidemic (lethargic) en- 
cephalitis, and in a number of other infec- 
tions including mumps, sinusitis and otitis. 
Mumps may be diagnosed retrospectively 
by the complement-fixation test if paired 
sera are available. The presence of spas- 
ticity with a positive Babinski sign practi- 
cally rules out poliomyelitis and suggests 
brain tumor, brain abscess, epidural ab- 
scess of the spinal cord, intracranial hemor- 
rhage, birth injury, or multiple sclerosis. 
The occurrence of optic neuritis or any 
defect of vision definitely excludes polio- 
myelitis, as do such residua as mental 
retardation, marked personality changes or 
epilepsy. Of aid in diagnosing a suspected 
case is its occurrence in a family with a 
frank paralytic case, or in a general epi- 
demic setting. The surest means of diag- 
nosis, however, is the isolation of virus from 
the stools or pharyngeal secretions of the 
patient, Failing this, it is often impossible 
to diagnose nonparalytic poliomyelitis with 
assurance, It is also impossible to diagnose 
abortive poliomyelitis outside an epidemic 
setting and in the absence of successful 
virus isolation or antibody increase in 
paired sera. 

Diagnosis of fatal poliomyelitis may be 
made from the presence of typical lesions in 
the anterior horns of the spinal cord or on 
the basis of the localization of lesions in the 
motor cortex and their absence from other 
cortical areas. The latter is the more im- 
portant for the differentiation of cases 
showing encephalitic signs. If cord or brain 
stem is available and can be obtained with 
sterile precautions, it is often possible to 
isolate virus from it when the duration of 
paralysis has been less than a week. Mate- 
rial may be preserved for months in 50 per 
cent glycerol-saline solution at ordinary ice- 
box temperature. It is usually inoculated 
intracerebrally into an old-world monkey as 
a 10 or 20 per cent emulsion in sterile saline 
solution or distilled water in quantities of 
1 or 2 cc. As a source of virus, stool is far 
Superior to nervous tissue, since the virus 
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may be recovered in this medium for weeks 
after the onset of the disease. A portion of 
the stool is emulsified in sterile saline solu- 
tion or distilled water, clarified by centrif- 
ugation at 3,000 r.p.m., and inoculated into 
monkeys intraperitoneally, intracerebrally 
or intranasally. The first two routes have 
been extensively employed by Trask et al. 
(1938) and others, who treated the mate- 
rial with anesthetic ether for 24 to 48 hours 
to render it bacteriologically sterile, This 
results in the loss of less virus than does the 
removal of bacteria by filtration. The limi- 
tations of the method are the low suscepti- 
bility of animals by the intraperitoneal 
route and the high incidence of toxic deaths 
and brain abscesses following intracerebral 
inoculation. Melnick (1943b) has greatly 
improved the method by treatment of the 
stool in the ultracentrifuge, but this modi- 
fication is available to comparatively few 
laboratories. Howe and Bodian (1944b) 
have described successful isolation of virus 
by intranasal inoculation into rhesus mon- 
keys of untreated, distilled-water suspen- 
sions of stools on five successive days. With 
this method there is practically no mortality 
except from virus activity. When two ani- 
mals are inoculated with each specimen, the 
method compares favorably with the intra- 
cerebral one. Poliomyelitis virus may also 
be isolated from nasopharyngeal washings 
and oropharyngeal swabs taken from pa- 
tients within six days of the onset of ill- 
ness. The methods are essentially those 
described for the isolation of virus from 
stools (Horstmann et al., 1946a; Howe et 
al., 1945). 
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The only specific therapy which has rec- 
ommended itself rationally for the treat- 
ment of acute poliomyelitis has been 
immune serum, This procedure still has its 
proponents but has rarely been put to a 
well-controlled test. A number of studies, 
however, all force the same conclusion. The 
best and most recent study (Bahlke and 
Perkins, 1945) demonstrated that 56 alter- 
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nate cases of preparalytic poliomyelitis 
treated with gamma globulin fared no bet- 
ter at the end of 5 or 7 months than did 
untreated controls, Children, 1 to 12 years 
of age, were given graded doses of from 
20 to 100 cc., the equivalent of from 360 
to 2,500 cc. of plasma. Treatment, there- 
fore, was much more intensive than in any 
previously reported series of cases. While 
the gamma globulin used was not tested 
against a strain of virus isolated during the 
epidemic, this is probably not too serious 
an objection, since most normal adult sera 
neutralize many different strains of virus. 

Other forms of therapy, such as intra- 
venous injection of hypertonic solutions, 
spinal puncture, spinal drainage, antibiotics, 
vitamins, etc., have had no proven success, 
so that general supportive treatment is at 
present the only thing available for the 
acute stage of poliomyelitis. Since nonpara- 
lytic and low spinal paralytic forms of the 
disease present no immediate hazard to life, 
bed rest, adequate diet and good nursing 
care are the chief forms of treatment em- 
ployed. 

In recent years, various methods have 
been proposed for the relief of the acute 
muscle spasm and pain. These include the 
use of neostigmine (Kabat and Knapp, 
1943), curare (Ransohoff, 1945) and hot 
woolen packs (Pohl and Kenny, 1943). 
Adequately controlled clinical trial of these 
procedures is still lacking, but numerous 
observers have recorded their impressions. 
For example, Eveleth and Ryan (1944) 
noted some relaxation of muscle spasm fol- 
lowing the administration of neostigmine in 
a series of 12 cases, but remark that the 
drug produced either fasicular twitching of 
muscles or vomiting in all the patients. 
Brainerd et al, (1945) found that undesir- 
able reactions could be controlled with 
atropine. However, they emphasize the ir- 
regularities of the relaxation obtained and 
find no correlation between response to the 
drug and final outcome of the disease. 
Symptomatic relief at times for some pa- 
tients seems to be the most that can be 
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expected of neostigmine. Fox (1946) found 
no objective improvement in 34 cases with 
spasm following the use of curare and em- 
phasized the danger of its action on the 
respiratory mechanism, 

Hot packs during the acute stage of polio- 
myelitis have come into common use, Their 
effectiveness, which is not universal, is prob- 
ably partly physiologic and partly psycho- 
logic. The most enthusiastic proponents of 
the hot pack claim that it hastens the time 
when active and passive movement may be 
begun, Others of a more conservative turn 
believe that there is no advantage in forcing 
this time, but on the whole there is dis- 
tinctly greater emphasis than a decade ago 
on allowing a patient freedom of movement 
in bed from the onset of paralysis. Whether 
these differences in procedure are reflected 
in the eventual recovery of muscle function 
is doubtful, It must not be forgotten that 
the latter really depends upon the amount 
of nervous tissue spared by the virus. The 
difficulties of evaluating any given type of 
treatment are legion, not only because the 
severity of poliomyelitis varies from year 
to year, and from one region to another, but 
also because the spontaneous recovery rate 
is high and different observers vary in their 
estimates of disability. The reader is re- 
ferred to papers by the following authors 
illustrate these difficulties: Davis, 
Weber and Arey (1941); McCarroll 
(1942): Toomey (1944); Pohl (1945); 
Sherman (1945); Wood (1947) ; Lenhard 
(1948). According to them, from 45 to 100 
per cent of poliomyelitis cases made satis- 
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factory recoveries. 

It is of interest to examine the outcome 
of poliomyelitis in relation to age and to 
the type of disease, Overall death rates vary 
from 5 to 20 per cent, depending in a large 
part on the percentage of bulbar cases. This 
figure is also greatly influenced by the num- 
ber of nonparalytic cases included. Polio- 
myelitis deaths cluster heavily in the first 
week of acute disease and this is particu- 
larly true of cases of bulbar poliomyelitis 
without limb or trunk paralysis, which 
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TABLE 13. RECOVERY FROM POLIOMYELITIS IN 
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RELATION TO AGE (AFTER LENHARD, 1947) 


Goop PER CENT Poor PER CENT PERCENT ‘TOTAL 

AGE RECOVERY OF ToTAL RECOVERY OF TOTAL DEATH OF TOTAL CASES 
1 2 a eras SO 68 82 ie Loe 2 Aes 83 
5-9 108 82.5 20 13.5 3 2a 131 
Pda eee ie as 80 82 14 14.3 4 4.1 98 
Se ree 33 59 20 anne 3 nie. 56 
20+ 19 51.4 14 38 4 10.7 | 
Boe dha ects ad Scare 308 76 81 20 16 4, 405 





either die within a week or ten days or re- 
cover with almost no residua. Death rates 
are higher in the age groups under 1 year 
or over 20 years. In tabulating cases by age 
groups and degree of recovery (Table 13), 
it is seen that there is a sharp increase in 
death and disability above 15 years. No 
adequate figures are available for children 
less than one year of age, but it might be 
suspected that a large percentage of them 
either die or recover with few residua. 
Respiratory paralysis is the gravest 
threat to life in poliomyelitis. It may ensue 
because of paralysis of intercostal muscles 
and diaphragm, or from failure of the respi- 
ratory center in the medulla. Both types of 
disease have been extensively treated in the 
Drinker respirator, The immediate outlook 
for life is better in patients with spinal 
respiratory syndrome as opposed to the 
bulbar form in which the mortality is 
from 61 to 100 per cent (Wilson, 1932; 
Landon, 1934; Brahdy and Lenarsky, 1936; 
Priest et al., 1947). However, the final 
prognosis is much worse for spinal-respi- 
rator patients since they are not only more 
likely than are bulbar patients to have 
severe limb paralysis, but frequently have 
too small a vital capacity to keep their air- 
ways clear after discharge from the respira- 
tor. In a group of 35 such patients, Landon 
(1934) found that 18 months after removal 
from the respirator 45 per cent were dead, 
Similarly, Brahdy and Lenarsky (1936) 
recorded that 48 per cent of a group of 
discharged spinal-respirator patients had 
died within 2.5 years, All but one were 


respiratory deaths and massive atelectasis 
was the commonest finding at necropsy. Of 
14 survivors, 2 were without residua, 7 were 
able to get about enough to attend school 
and the rest were totally incapacitated. 

At no point is the skill of the clinician 
more severely taxed than in the treatment 
of bulbar poliomyelitis. Dysphagia or 
change in voice indicates involvement of 
the nucleus ambiguus, while changes in re- 
spiratory rhythm, flushing and drop of 
blood pressure herald severe involvement of 
the reticular formation of the lower medulla. 
Formerly, cases of the first type almost in- 
variably died when placed in respirators, 
since the action of the machine favored the 
aspiration of saliva and food into the tra- 
cheobronchial tree. At that time, postural 
drainage appeared to be the method of 
choice for this condition (Durand, 1929). 
Recently, however, Priest et al. (1947) have 
emphasized the difficulty of effective evac- 
uation of secretions from the pharynx and 
trachea. They also stress the réle of vocal 
cord paralysis in obstructing respiratory 
exchange and in inducing pulmonary hemor- 
rhage and edema. Their report concerns 75 
patients with tracheotomies, of whom 29 
survived, There were 17 patients in whom 
the favorable outcome was thought to be 
due chiefly to the tracheotomy. Indications 
for operation were as follows: 


(1) Respiratory distress as evidenced by 
recurrent Cyanosis, coarse rales in the chest 
and laryngeal stridor. (2) Excitement and un- 
managability causing patient to resist pharyn- 
geal aspiration. (3) Stupor of degree sufficient 
to make patient oblivious of accumulation of 
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secretion in his airway. (4) Inability to cough 
effectively. (5) Pharyngeal pooling of mucus, 
vocal cord paralysis, or intralaryngeal hypes- 
thesia demonstrable by laryngoscopy. 


Tracheotomy also appears to offer the 
best hope for bulbar patients in whom dis- 
orders of respiratory rate are prominent; 
since they almost invariably have dysphagia 
as well, the risk of respirator treatment is 
reduced by tracheotomy. 

Working in collaboration with the above 
group Elam, Hemingway, Gullickson and 
Visscher (1948) have investigated the im- 
pairment of pulmonary function in spinal 
and bulbar poliomyelitis by means of the 
oximeter of Millikan (1942) and Smaller 
(1942). The instrument is attached to the 
pinna of the ear and measures relative 
saturation of oxyhemoglobin in arterial 
blood. The authors find that varying de- 
grees of hypoxia exist in patients with 
respiratory difficulties. These are traceable 
to respiratory obstruction, weakness of 
respiratory muscles, pulmonary edema, or 
disorder of the respiratory center, Opening 
of a patient’s respirator for even a few 
minutes may lead to easily demonstrable 
decrease in oxygen saturation of his blood. 
Pulmonary edema is distinguished from 
defects of ventilation on the basis of a 
greater than 8 per cent drop in blood satu- 
ration when the patient goes from 100 per 
cent oxygen to air. The authors believe that 
it is of prime importance especially in bul- 
bar poliomyelitis to maintain normal oxy- 
genation of the blood. To this end, from 
50 to 100 per cent oxygen is administered 
endotracheally or by mask on the basis of 
the oximeter findings. When pulmonary 
edema is present or suspected, positive pres- 
sure oxygen of 2 to 6 mm. of water is rec- 
ommended. Expiration may be aided by a 
chest respirator with positive pressure ap- 
plied. 

Brown et al. (1947b) have discussed the 
general treatment of the patient in rela- 
tion to tracheotomy and oxygen therapy, 
but their recommendations are also of gen- 
eral value. Another helpful paper on the use 
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of the respirator has been written by Wil- 
son (1946). These underline the necessity 
for special and expert nursing care. Many 
lives are lost because a nurse is overbur- 
dened and cannot keep a patient’s airway 
clear at all times. Drug therapy is largely 
limited to sulfonamides or penicillin for 
the control of respiratory infections, The 
latter may be nebulized into a tracheotomy 
tube at regular intervals, Sedatives may be 
used for the control of restlessness or anx- 
iety, but are not without danger to a dam- 
aged respiratory center, Atropine is of little 
value for the reduction of tracheal or 
pharyngeal secretions, since it makes them 
ropey and tenacious. Dehydration has the 
same effect. During the acute phase nothing 
should be given by mouth to a patient with 
dysphagia and even feeding by nasal cath- 
eter is to be avoided because of the danger 
of vomiting. Fluids are given subcutane- 
ously or per rectum, since intravenous ad- 
ministration may produce pulmonary edema. 
When a patient’s condition permits, nour- 
ishment and water may be given by nasal 
tube. 

An important feature of 
maintenance of a patient’s morale, espe- 
cially in the case of a child. The circum- 
stances under which the juvenile patient 
enters an isolation hospital are particularly 
terrifying. In the first place, he has a dis- 
ease which is feared by everyone, including 
his parents who rarely can conceal their feel- 
ings. He is often clapped into a room or 
cubicle where he lies in apprehension. 
Physicians are frequently loath to tell him 
what he has, how he is getting along, or 
whether his stay in the hospital will be 
measured in days, months or years. His 
parents are not allowed access to the room 
and are usually kept at a distance which 
frustrates everyone. Families too are left in 
the dark regarding the status of their chil- 
dren, Under these conditions it is not sur- 
prising that considerable emotional insta- 
bility is reported in convalescents from 
poliomyelitis, or that some develop neurotic 
dependence upon tracheotomy tubes or 
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respirators. It is not unreasonable to sup- 
pose that these sequellae could be reduced 
by relatively small attention from a well- 
trained psychiatrist. 


EPIDEMIOLOGY 


Poliomyelitis attacks children 
greater frequency than adults, the highest 
incidence being in the 0-4 year group. The 
disease is rare in infants under 6 months, 
presumably because of the carrying over of 
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maternal humoral immunity, but it is also 
possible that during this period there is less 
exposure to the virus than at later ages. 
During epidemics, age-specific attack rates 
usually range from 1 to 10 per thousand in 
the two most susceptible age groups, 0-4 
and 5-9 years, and from 1 to 3 per hundred 
thousand in people 20 years of age and 
older. During the last two decades, there 
has been a shift in the age selection so that 
older children are now being attacked 
(Chart 10). Whereas 30 years ago the high- 
est attack rates were recorded in the 0-4 
age group, they are now in most instances 
found in the next higher age group, viz., 
5 to 9. This shift in age incidence has in- 
volved all the countries in which poliomye- 
litis is epidemic, A difference in age selec- 
tion is also seen in a comparison of rural 
and urban areas, there being a definite trend 
toward a higher average age of those at- 
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tacked in rural districts (Aycock, 1929; 
Horstmann, 1946). 

These facts are consistent with a single 
explanation, namely, that exposure is post- 
poned in rural communities as contrasted 
with cities and in the present population 
as compared with the past generation. To 
gain further light on this subject, it is nec- 
essary only to study accounts of poliomye- 
litis in Puerto Rico (Sheplan and Trelles, 
1943), El Salvador (Allwood-Paredes, 1944), 
Venezuela (Irazabal and Risquez Iribarren, 
1943), Equador (Andrade Marin, 1945), 
Malta (Seddon et al., 1945), Mauritius 
(McFarlan et al., 1946), or Japan (Paul, 
1947). The findings are practically the same 
for these diverse regions, to wit: epidemics 
are relatively small and infrequent; fur- 
thermore, from 80 to 90 per cent of the 
reported paralytic cases occur in children 
less than 5 years of age. Since the selection 
of young children in the populations just 
cited far exceeds any effect which might be 
anticipated from an excess of children in 
them, there seems to be only one explana- 
tion for the phenomenon: in these countries 
the virus of poliomyelitis is so ubiquitous 
that virtually everyone comes in contact 
with it before the age of 5 years. In Chart 
11 the age selection in Malta in 1942 is 
compared with that in New York and Chi- 
cago in 1916 and 1917 and with that of 4 
southern and 4 northern agricultural states. 
The age selection in the southern states has 
considerable similarity to that of relatively 
primitive countries, e.g., Malta, or to that 
of large northern cities a generation ago. 
That those who do not succumb to paralysis 
gain immunity is likewise apparent. For 
example, in the Malta outbreak of 1942 and 
1943 there were 57 cases among British 
troops and none among the Maltese troops, 
despite their presence in large numbers 
under conditions of equal exposure. 

The epidemicity of poliomyelitis has been 
one of its outstanding characteristics in 
countries of temperate zones. There is rea- 
son, however, for believing that the disease 
has not always had this character. For ex- 
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ample, about a hundred years elapsed from 
the time that poliomyelitis was first noted 
in Europe until epidemics became apparent. 
Likewise, in the United States, epidemics 
were first described shortly before the turn 
of the century, although the disease was 
known to occur sporadically in much earlier 
times. It seems very probable, therefore, 
that until the beginning of what is known 
as the modern era, poliomyelitis had the 
endemic characteristics which it now dis- 
plays in so-called primitive countries (Paul, 
1947). This belief is strengthened by reports 
of the age selection in the late 19th cen- 
tury. Admittedly, these are crude and con- 
tain many diagnostic errors, but they are 
suggestive. From various European sources, 
for example, Starr (1899) tabulated a series 
of 609 cases of which 86 per cent occurred 
in children under 5 years of age. It is also 
not irrelevant that in the outbreaks of 1916 
and 1917 in New York and Chicago there 
was a marked selection of very young chil- 
dren (Chart 11). 

Reasons for these differences in age se- 
lection are not clearly understood, although 
the general features of the epidemiology of 
poliomyelitis have been well recognized 
since they were outlined in the classical 
monograph of Wickman (1913). More ex- 
tensive documentation has been provided by 
Lavinder et al. (1918) in their report of 
the epidemic of 1916 in New York City. 
From that time it has been fairly clear that 
poliomyelitis is disseminated by human 
contact, although there is still disagreement 
as to the precise nature of the contact. 
Wickman was mainly concerned with small 
rural communities where he believed that 
evidence of a chain of transmission from 
one patient to another could be established. 
Lavinder, Freeman and Frost showed that, 
in greater New York, a radial spread of the 
disease from an original focus appeared to 
take place. Thus, from the locality of the 
first case in Brooklyn they could plot con- 
centric zones, each greater in radius by a 
mile, in which the median case occurred 
progressively later than in the preceding 
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zone, While this pattern is not invariably 
apparent in all epidemics, it is a frequently 
observed phenomenon, and, when one con- 
siders the number of cases of nonparalytic 
poliomyelitis which are not reported, it is 
surprising that the paralytic ones make any 
pattern at all. Wickman was conscious of 
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the nonparalytic cases although he did not 
have a clear idea of their number. 

In order to understand the epidemiology 
of poliomyelitis it is necessary to know ap- 
proximately what fraction of the infections 
fall below the threshold of clinical recog- 
nition, An indirect estimate of them may 
be obtained in the following manner. Polio- 
myelitis would not selectively attack young 
children unless adults either were not ex- 
posed to the virus or were immune. Since 
adults and children live in the same homes, 
the first alternative need not be considered 
further, However, it is possible that adults 
may become resistant to the virus in a non- 
specific fashion by virtue of growing older. 
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If this were true, one would expect that 
age selection would be identical throughout 
any given climatic zone, since physiologic 
maturity should be reasonably uniform in 
all persons of a given age group. On the 
contrary, it is constantly observed that the 
average age of poliomyelitis patients is 
higher in rural areas than in large cities. 
This fact suggests that there is a postpone- 
ment of exposure in sparsely settled regions 
and indicates that the immunity of adults 
is acquired by exposure to the virus, Yet 
Collins (1946) in a_ survey involving 
174,850 persons found that only 0.83 per 
cent of those from 20 to 24 years old gave 
a history of a paralytic attack of poliomye- 
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litis, while 0.64 per cent showed serious 
residua. Since the attack rates of paralytic 
poliomyelitis are negligible above this age, 
it appears that the immunity of most aduits 
has been gained at a price of less than one 
paralytic case per hundred nonparalytic or 
abortive cases. 

The problem may be approached in an- 
other manner. Poliomyelitis and measles 
have roughly the same age selection, al- 
though the former tends to affect very 
young children slightly more than does the 
latter. Chart 12 shows a comparison of the 
two diseases with respect to age in the 
counties of Maryland during the period 
[rom 1920 to 1945; it is obvious that in 
both diseases 90 per cent of the cases oc- 
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curred in persons of 20 years or younger. 
Yet there were reported 97,909 cases of 
measles and only 1,185 cases of paralytic 
poliomyelitis. In measles practically every 
case is diagnosed without difficulty, and it 
is clear that the reported cases of the dis- 
ease as compared with reported cases of 
poliomyelitis roughly show a ratio of 100 
to 1. Therefore, it is difficult to escape the 
conclusion that there are approximately 100 
nonparalytic and abortive cases of polio- 
myelitis to every paralytic one. This figure 
is in amazing agreement with that arrived 
at by Collins’ method. 

Epidemics of poliomyelitis recur with 
considerable regularity during the summer 
in temperate zones. In large metropolitan 
areas the disease smolders throughout the 
year with summer flare-ups from every 
three to five years, but in small commu- 
nities and rural areas, from which it is 
absent most of the time, there are periodic 
introductions of the malady. In such small 
communities there is more time for the ac- 
cumulation of susceptibles with the result 
that attack rates and the average age of 
patients are apt to be higher than in large 
cities. This tendency may be seen with 
extraordinary clarity in extremely isolated 
sections such as West Greenland (Hrolv, 
1934 and 1935) where the town of Sukker- 
toppen, numbering 700 inhabitants in 1914, 
suffered an epidemic of poliomyelitis with 
37 recorded deaths. Following this outbreak, 
the disease was entirely absent from the 
area until 1932, when it was reintroduced. 
On this occasion, there were 83 reported 
cases and 20 deaths in a population of 2,500. 
The oldest patient of the latter outbreak 
was born in 1915, and no one was attacked 
who was residing in the area in 1914. It is 
generally recognized that epidemics do not 
occur several years in succession in the same 
area, because there are not sufficient Sus- 
ceptible subjects to Support an outbreak. 

The seasonal incidence of poliomyelitis in 
temperate zones is a phenomenon for which 
there is no ready explanation. The relatively 
small outbreaks in warm countries may take 
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place at any time of the year; in the United 
States, however, the seasonal increase in 
cases begins in June, and August and Sep- 
tember are the months of highest incidence. 
In the southern part of the United States, 
the disease approaches more closely an en- 
demic status with less marked seasonal 
fluctuations than in the North, Epidemics 
may occasionally run their entire course 
during the winter (Leake et al., 1917). 

It is generally agreed that man himself 
is the source of the virus, since all attempts 
to find a reservoir in lower animals have 
failed. Furthermore, it is known that ambu- 
latory carriers of virus are extremely nu- 
merous, at least during epidemic periods, 
and that they, together with the clinically 
identifiable cases, harbor the virus in their 
pharyngeal secretions and stools. Technical 
difficulties of identifying virus are great, 
and it is not yet clear whether pharyngeal 
carriers are less frequent than are fecal 
carriers, At present, however, they appear 
to be more transient. While virus may be 
demonstrated in the pharynx of a patient 
only for about four to eight days following 
onset of symptoms (Howe et al., 1945; 
Wenner and Tanner, 1947), it is found in 
the stools for several weeks (Horstmann 
et al., 1946b). It is difficult to evaluate the 
epidemiologic significance of these findings, 
since these differences may reflect chiefly 
the efficiency of the tests for virus. It might 
be pointed out, however, that estimates of 
the infectious period in poliomyelitis, based 
upon presumed single contacts between pri- 
mary and secondary cases, have placed it 
at about 4 days before and 4 days after the 
onset of acute symptoms (Casey, 1942; 
Aycock and Kessel, 1943). Beyond this, 
there is no indication of the relative impor- 
tance of these two sources of virus. 

In recent years, virus has been recovered 
from house flies and filth flies trapped in 
nature during epidemic periods. For the 
most part these insects have been obtained 
from areas where they had direct access to 
human feces in open latrines and privies 
(Trask and Paul, 1943) ; but in one instance 
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the source of contamination was not obvi- 
ous (Sabin and Ward, 1941b), Poliomyelitis 
virus has also been repeatedly demonstrated 
in urban sewage, although only at epidemic 
times. This work has recently been sum- 
marized by Melnick (1947), 

The increased incidence of poliomyelitis 
during the summer months has been inter- 
preted by many as indicating fecal trans- 
mission of the virus. Flies are thought to 
play a considerable role in the spread of 
virus from feces, It is true that the absence 
of lesions in the olfactory centers of fatal 
cases favors the mouth instead of the nose 
as the route of entry. As a matter of fact, 
however, there is no crucial evidence con- 
cerning the réle of the fly or even of fecal 
contamination in the transmission of polio- 
myelitis, Diligent search has failed to re- 
veal epidemics traceable to contaminated 
food or water supplies, although three out- 
breaks have been attributed to the con- 
sumption of infected raw milk (Dingman, 
1916; Knapp et al., 1926; Aycock, 1927). 
Similarly, there is no evidence incriminating 
biting flies or any other biting insect. 

Poliomyelitis often affects several mem- 
bers of a family almost simultaneously. 
Lavinder et al, (1918) studied a series of 
407 paralytic cases occurring in families re- 
ported through an index case, and found 
that 70 per cent fell ill within 5 days of the 
initial case. Had minor illnesses been in- 
cluded as abortive poliomyelitis, the per- 
centage would undoubtedly have been 
greater, It has been amply demonstrated 
(McClure and Langmuir, 1942; Pearson 
et al., 1945; Zintek, 1947) that virus is 
widespread in a family, even among persons 
without symptoms, 

The disease appears to spread through 
an area from family to family in a slow 
fashion which has not altered greatly with 
the advent of rapid transit, Furthermore, 
there is usually no known connection be- 
tween recognized cases, This argues for 
person to person contact of more than a 
casual nature, with subclinical cases and 
carriers playing a major réle. The facts 
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mentioned would also be compatible with 
fly transmission, if it had not been shown 
that people in clean suburbs with well 
screened homes suffer to the same degree as 
do those in slums, and that epidemics con- 
tinue into cold weather when flies are not 
numerous or active. The effect of tempera- 
ture upon coexistent epidemics of polio- 
myelitis and western equine encephalomye- 
litis, the latter admittedly an insect-borne 
disease, has been graphically described by 
Eklund (1946). With the decline in aver- 
age temperature in Minnesota during the 
early part of August, the number of cases 
of encephalomyelitis dropped sharply, and 
within a short time new cases virtually 
ceased to appear. During the time that the 
epidemic of encephalitis waned, the epi- 
demic of poliomyelitis was building up to 
a plateau which was maintained until the 
first week of October; cases of poliomye- 
litis continued to occur as late as December. 

While insects probably do not play an 
extensive role in the transmission of polio- 
myelitis, the principal mode of dissemina- 
tion is not known. Virus may reach the 
alimentary tract of susceptible persons by 
a variety of routes, for example, through 
the medium of pharyngeal secretions and/or 
feces. These transfers may be accomplished 
directly (one has only to watch a group of 
children at play to be aware of this possi- 
bility) or indirectly, as through the agency 
of flies. It is possible that several of these 
modes operate, and in this may lie the epi- 
demiologic complexity which has eluded 
understanding. Warm weather may favor 
the parasite by altering the conditions of 
human contact, the resistance of the host, 
or the extrahuman survival and dissemina- 
tion of the virus. There is almost complete 
lack of knowledge concerning these points. 
This much, however, seems certain: the 
virus of poliomyelitis is so widespread that 
contact with it sooner or later is almost 
inevitable. While there are forces operating 
in modern civilization which apparently are 
postponing contact with virus, it is not clear 
in what manner this is being effected. En- 
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vironmental factors and general sanitation 
are constantly improving, so that it is 
possible that the reduction of fecal con- 
tamination is unmasking other modes of 
transmission which are of relatively little 
importance in primitive countries. It might 
be suggested that the net result of these 
tendencies is the building up of larger 
groups of susceptibles which will result in 
less frequent but more severe epidemics. 


CONTROL MEASURES * 


Known cases of poliomyelitis should be 
isolated either at home or in a hospital for a 


eriod of three weeks from the date of onset. 
Ennai contaminated with pharyngeal 


secretions or feces should be sterilized, and 
these materials themselves should be dis- 
posed of as safely as possible, It is imprac- 
ticable to quarantine adult contacts, but it 
is possible that, since persons immediately 
associated with a patient are frequently 
virus Carriers, some secondary cases might 
be prevented by restricting children in 
homes with recognized cases. On the other 
hand, it is equally clear that such measures 
would have no effect upon unrecognized 
virus carriers which are undoubtedly nu- 
merous in the community during an epi- 
demic. For this reason, measures directed 
only toward a patient and his immediate 
associates cannot be expected to influence 
the general course of an epidemic. For the 
same reason it is wise to avoid ill-directed 
and emotional efforts to “do something,” 
especially if these lead to disruption of 
community life. While abatement of flies 
and prevention of sewage pollution are in 
themselves desirable, there is no evidence 
that they will influence the course of an epi- 
demic. Present knowledge suggests that, as 
in the case of measles, poliomyelitis epi- 
demics continue until the number of sus- 
ceptibles has dropped to a level at which 
the chain of infection can no longer be 
maintained. There is at the present time 





* Based upon the recommendations of a round- 
table conference on the “Epidemiology of Poliomye- 
litis” at Yale University, Feb. 14-15, 1947. 
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no indication that epidemics of poliomye- 
litis may be controlled by active or passive 
immunization, Ultraviolet-light-inactivated 
and formalin-inactivated Lansing virus have 
been shown to be capable of immunizing 
mice and cotton rats against homologous 
virus given intracerebrally (Milzer et al., 
1945; Loring et al., 1947), and it is now 
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possible with active Lansing virus to con- 
sistently immunize monkeys against homol- 
ogous virus given intracerebrally or intra- 
nasally (Morgan et al., 1947). However, 
until there is clearer understanding of the 
spectrum of virus types, prospects for suc- 
cessful immunization of human populations 
will not be bright. 
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Infectious Hepatitis and Serum Hepatitis 


There are probably several forms of viral 
infections of the liver which are variants 
of one general group. Two major members 
of the group are represented by (a) ifec- 
tious hepatitis for which the synonyms 
infective hepatitis and epidemic jaundice 
have been used; and (b) serum hepatitis 
or jaundice* for which the synonyms /omol- 
ogous serum jaundice, postvaccinal hepa- 
titis, inoculation jaundice, transfusion jaun- 
dice, and late arsphenamine jaundice have 
been used. For the sake of clarity, the first 
section of this chapter will deal almost 
entirely with the virus of infectious hepa- 
titis and the disease for which it is respon- 
sible. In the second section, serum hepatitis 
will be considered, particularly with regard 
to certain points which differentiate it from 
infectious hepatitis. 


INFECTIOUS HEPATITIS 
INTRODUCTION 


Infectious hepatitis is a subacute viral in- 
fection in which there is a diffuse involve- 
ment of the liver. It is common and appar- 
ently world-wide in distribution, occurring 
in endemic and epidemic forms, The clinical 
disease is characterized by fever, anorexia, 
nausea, vomiting, abdominal distress and 
jaundice. 

History 


Infectious hepatitis has been long recog- 
nized in civilian and military personnel. 








* Neefe (1946) has suggested the symbols TH and 
SH to be used to designate infectious hepatitis and 
serum hepatitis respectively. 


Outbreaks occurred in Napoleon’s army in 
Egypt and also in the Union troops in the 
American Civil War. During World War I, 
the disease was prevalent in British and 
French forces in the Mediterranean area, 
where it was particularly common in troops 
of various armies in World War II, It has 
long been termed “catarrhal jaundice,” and 
in particular it has often been confused with 
Weil’s disease, which differentiated 
from infectious hepatitis on clinical grounds 
in 1886. Pioneers, in clarifying the identity 
of infectious hepatitis as a clinical entity, 
include Quincke (1903) and Cockayne 
(1912). Blumer (1923) was among the first 
in this country to point out that infectious 
hepatitis probably represents the epidemic 
form of “catarrhal jaundice,” and as such 
is unrelated to leptospiral hepatitis. Rich 
(1930) again drew attention to the fact that 
at necropsy nearly all cases of “catarrhal 
jaundice” show a diffuse hepatitis and that 
mucous plugs in the ampulla of Vater are 
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rarely if ever seen. 

The modern concept of the viral etiology 
of infectious hepatitis is a product of in- 
vestigations attendant upon World War II. 
Voegt (1942) was the first to report its 
transmission to human volunteers by feed- 
ing them duodenal contents from a patient 
with the malady. Subsequently, others dem- 
onstrated the etiologic agent of the disease 
to be present in the blood (Cameron, 1943) 
and stools (MacCallum and Bradley, 1944; 
Havens et al., 1944) of patients in the acute 
phase of disease; to be capable of passing 


269 


270 


bacteria-tight filters; and to be capable of 
serial transmission in human volunteers 
(Havens, 1945a). 


CLINICAL PICTURE 


The incubation period ranges from 10 to 
40 days, with an average of about 25. In 
childhood, the course of disease is shorter 
and milder than it is in the adult. This is 
particularly true of the icteric phase, which 
may be relatively free of symptoms in chil- 
dren. In both children and adults jaundice 
may be absent, quite fleeting, or may per- 
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Cuart 13, Schematic diagram illus- 
trating the clinical course of an aver- 
age case of infectious hepatitis in an 
adult. (Paul, J, R., and Havens, W. 
P., Jr., 1946, Recent advances in the 
study of infectious hepatitis and 
serum jaundice. Transactions of the 
Association of American Physicians, 
59, 133-141.) 


sist as long as several weeks, Estimates of 
the ratio of nonicteric to icteric cases differ 
in various epidemics, but a conservative 
ratio would be 1:1. The course of disease 
in adults is separated into two phases in 
most instances: preicteric and icteric, with 
characteristic symptoms and signs (Chart 
13), but some patients have only jaundice 
as a presenting complaint. The preicteric 
phase may range from 1 to 21 days, with 
an average of 5 days. The onset may be 
abrupt or insidious, and this early phase 
of the disease is characterized by anorexia, 
nausea, headache, lassitude, and abdominal] 
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distress; a large proportion of patients has 
fever at this stage, often accompanied by 
chills or chilly sensations. Posterior cervical 
lymphadenopathy is common (Barker et al., 
1945a), and splenomegaly may be present. 
Although the liver is not usually enlarged 
in this stage, tenderness may often be 
elicited by palpation. Leukopenia is a char- 
acteristic finding at this time, and toward 
the end of the preicteric phase many large, 
atypical lymphocytes, similar to those found 
in patients with infectious mononucleosis, 
are often seen (Havens and Marck, 1946). 
Many patients have subjective improve- 
ment toward the end of the preicteric phase, 
lasting one or two days until jaundice ap- 
pears, when they again experience a return 
of gastro-intestinal symptoms. 

The icteric phase is ushered in with an 
exacerbation of some of the original symp- 
toms, It may last from 1 to 10 weeks, aver- 
aging 4 weeks ; some patients may have low- 
grade jaundice for several months. Major 
symptoms and signs in the icteric phase are 
again abdominal discomfort, usually related 
to pain in the right upper quadrant or epi- 
gastrium, anorexia, nausea, and often vomit- 
ing. The liver becomes enlarged and more 
tender, and is usually easily palpable. The 
spleen is palpable and tender in a fair per- 
centage of patients. These symptoms and 
signs may last only a short time or as long 
as a month, although the usual experience 
is improvement after jaundice attains its 
maximum degree of intensity in 8 to 10 
days. At this time, the stools may be clay 
colored. As jaundice wanes, a sense of well- 
being and appetite return. Convalescence is 
generally uneventful and rapid. Even in the 
mild cases, weight loss of 5 to 10 pounds 
may occur, while in the more severely sick 
this may be as much as 50 pounds. Compli- 
cations are rare, but occasionally patients 
develop pneumonia and, rarely, lymphocytic 
meningitis or myelitis. The death rate is 
low, particularly in children; and in adults, 
in the series of military cases reported by 
Barker et al. (1945a), the case-fatality rate 
was 1.8 per 1,000, although it may be con- 
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siderably higher. Generally, death occurs 
early in the disease, after 3 to 10 days of 
illness. Sudden appearance of restlessness, 
mental confusion, loss of emotional control, 
and coma are symptoms which carry a 
grave prognosis. Bleeding into the gastro- 
intestinal tract with ‘coffee ground” 
vomitus, black stools and low prothrombin 
may be present in fatal cases. In another 
group of patients, death occurs after an ill- 
ness of from 2 to 18 months, Relapse is not 
uncommon and may occur in from 3 to 18 
per cent of the adult cases with what 
amounts to reduplication of the icteric 
stage. A relapse may be precipitated by 
premature indulgence in work, exercise or 
alcohol, and by intercurrent infections and 
trauma. 

Five to 10 per cent of military patients 
continued to have evidence of hepatitis 4 
months after the onset of disease, and a 6- 
to 8-month history is not unusual, Barker 
et al. (1945b) have emphasized the impor- 
tance of this syndrome, particularly in pa- 
tients who have received inadequate ther- 
apy. Characteristically, such patients seem 
to have recovered at first and then develop 
symptoms of lassitude, weakness, mental 
depression and, at times, mental confusion. 
Low-grade symptoms, which are aggravated 
by exercise, may be present; jaundice may 
or may not be present; rarely does this 
picture terminate with evidence of cirrhosis 
of the liver (Klatskin and Rappaport, 
1947; Kunkel et al., 1947). 

Recent reports (Jersild, 1945) have de- 
scribed what may be a variant form of 
infectious hepatitis in Denmark, particu- 
larly in women beyond the menopause. The 
early clinical course of this form of the 
disease is not different from that just. de- 
scribed, but its progress is relentless with 
remissions and exacerbations of jaundice 
and other symptoms. Edema, ascites and 
hemorrhagic manifestations are common, 
with death frequently occurring 6 to 18 
months after the appearance of jaundice. 
The prognosis is poor with mortality rates 
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reaching as high as 50 per cent among older 
women, 


PATHOLOGIC PICTURE 


Knowledge of pathologic changes has 
been acquired from liver biopsies taken at 
various stages throughout the course of the 
disease, at operation, and at necropsy 
(Roholm and Iversen, 1939; Dible et al., 
1943). Early changes involve parenchymal 
cells and consist of swelling and irregularity 
of shape of hepatic cells and numerous 
mitotic figures. A tremendous amount of 
parenchymal destruction has already oc- 
curred by the time jaundice is evident. 
Biopsy studies later in the course of dis- 
ease reveal normal regeneration of liver 
parenchyma with complete restoration in 
most cases at the end of 2 or 3 months. 
Slight residual periportal infiltration may 
persist in some patients for several months 
longer. In the fulminant form of disease 
(Lucké and Mallory, 1946), in which death 
occurs within 10 days after onset, the liver 
is reduced in size, yellow or mottled in 
color, smooth and soft. The parenchyma of 
the liver is destroyed uniformly and com- 
pletely without any noteworthy evidence of 
regenerative hyperplasia (Fig. 31). An in- 
tense inflammatory response is present at 
the periphery of the lobule, particularly in 
the portal stroma, This response is mononu- 
clear in type with a predominance of lym- 
phocytes, plasma cells, and monocytes, al- 
though neutrophiles and eosinophiles are 
also in evidence, The lobular remnant con- 
tains numerous proliferated macrophages 
and erythrocytes so that the liver may 
resemble a spongy framework infiltrated 
with inflammatory cells and blood. In such 
cases, death may occur very early, within 
3 or 4 days of onset, before jaundice ap- 
pears. In the subacute form of disease in 
which death occurs 3 to 6 weeks after onset, 
the liver is frequently firm, reduced in size, 
and the cut surface may be granular. De- 
struction of parenchymal cells is neither 
complete nor uniform, and considerable evi- 
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dence of regeneration is found. The inflam- 
matory response is less pronounced, but the 
portal areas have considerable evidence of 
fibrous tissue proliferation. Obviously, 
varying degrees of either general type of 
response occur, depending on the stage 
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Gordon, 1942) to produce infectious hepa- 
titis by giving the virus to laboratory ani- 
mals, including many rodents, many species 
of monkeys, and even chimpanzees (Havens 
and Ward, 1945), have failed. Successful 
transmission of virus to pigs (Andersen and 





Fic. 31, Photomicrograph (low power) of the liver from a fatal case of infec- 
tious hepatitis in which death occurred on the ninth day of disease. Great destruc- 
tion of parenchymal cells is evident. Grossly, the picture was that of acute 


yellow atrophy. (Paul, J. R., 
Academy Medicine, 22, 204-216.) 


of disease in which the patient succumbs. 
Other lesions found at necropsy include 
phlegmonous inflammation and hemorrhage 
of the stomach and intestinal walls. The 
spleen is frequently enlarged and congested 
with follicular hyperplasia, Large edema- 
tous, mesenteric and peripheral lymph nodes 
are found. Ascites is common. 


EXPERIMENTAL INFECTION: Host RANGE 


Numerous attempts (van Rooyen and 


1946, Infectious hepatitis. Bulletin New York 


Tulinius, 1938), canaries (Herzberg, 1943), 
and embryonating eggs (Siede and Meding, 
1941), and rats (MacCallum and Miles. 
1946) has been reported but not confirmed. 
The spontaneous appearance of a filterable 
agent causing hepatitis has already been 
observed in supposedly healthy mice (Olit- 
sky and Casals, 1945) and puppies (Ru- 
barth, 1945), Nothing is known about a 
relationship between these agents and the 
virus hepatitides in man. 
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ETIoLocy* 


From experiments with human  volun- 
teers, it has been shown that the etiologic 
agent passes through bacteria-tight filters 
and is transmissible in series to man; it is 
resistant to a temperature of 56° C. for at 
least 30 minutes; and withstands chlorina- 
tion, viz., 1 part chlorine residual per mil- 
lion for 30 minutes (Neefe et al., 1945a). 
The virus is readily recovered from the 
blood and feces of patients in the acute, 
preicteric or early icteric phases of disease, 
and may be transmitted to human volun- 
teers by feeding or by parenteral inocula- 
tion of infectious materials, Several at- 
tempts to detect virus in the urine or 
nasopharyngeal washings of patients at 
similar periods have yielded contradictory 
results (Findlay and Willcox, 1945). In 
general, they have been unsuccessful. 

The period of infectivity of patients has 
been investigated (Havens, 1946a), but the 
number of experiments designed to deter- 
mine when virus appears in the blood and 
feces and how long it remains there is, 
unfortunately, small. A single attempt to 
recover virus from the blood midway 
through the incubation period of one experi- 
mentally infected human volunteer was 
unsuccessful, but it has been found in the 
blood 3 days before the onset of the disease 
(Francis et al., 1946). Attempts to recover 
virus from the blood and feces 1 month 
after the onset of disease and also 3 weeks 
after disappearance of jaundice (Neefe 
et al., 1945c) have been unsuccessful 
(Charts 14 and 15). The possibility of a 
carrier state or whether patients with re- 
lapse have virus in their blood or feces has 
not been determined. 

In the absence of specific diagnostic tests 
for the identification of the various types of 


* German workers (Essen and Lembke, 1944) have 
reported the virus of infectious hepatitis as being a 
polyhedral body with a diameter of the order of 
180 mu when visualized by means of the electron 
microscope. This report has not been confirmed, and 
it is the general belief that neither this virus nor any 
of those claimed to have been transferred to animals 
has been really identified as having reproduced the 
disease in human volunteers. 
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hepatitis, it is impossible to establish any 
definitive conclusions about immunity in 
this disease. The natural history of infec- 
tious hepatitis supports the concept of a 
widespread immunity in the general popu- 
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Cuart 14. Illustration of results of 
administration to human volunteers 
of serum and stool obtained during the 
midincubation period (13th day), 
acute (4th to 5th day), and conva- 
lescent phases (25th, 26th, 31st days), 
of experimentally induced infectious 
hepatitis in one patient (ZI). The ar- 
row indicates the time of infection of 
patient (ZI) and the subsequent in- 
cubation period, onset and course of 
disease, and convalescence are indi- 
cated through the 103rd day. Rectal 
temperatures are recorded. Open cir- 
cles indicate volunteers who were in- 
oculated and failed to contract infec- 
tious hepatitis; black circles indicate 
volunteers who contracted infectious 
hepatitis. All sera were inoculated 
parenterally and all stools were fed. 
The figure adjacent to each black 
circle represents the length of incuba- 
tion period in days, (Havens, W. P., 
Jr., 1946, Period of infectivity of pa- 
tients with experimentally induced 
infectious hepatitis, Journal of Ex- 
perimental Medicine, $3, 251-258.) 

lation, brought about by subclinical infec- 
tion. The occasional high epidemic preva- 
lence which has occurred among troops 
quartered in areas where the adult native 
population is relatively free from the dis- 
ease would lead one to suspect that one or 
more attacks must confer some immunity. 
In support of this is also the age distribu- 
tion of the disease in civilian populations, 
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in which it is more common in children and 
young adults than it is in older age groups. 
Neefe et al. (1946) and Gauld (1946), in 
the light of epidemiologic data, suggest that 
one attack of infectious hepatitis is followed 
by immunity. As is the case with many 
acute infectious diseases, it has been ob- 
served that seasoned troops who had appar- 
ently gone through an epidemic of infectious 
hepatitis without showing signs of infection 
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CuartT 15, Illustration of results of 
administration to human volunteers 
of pools of serum, stool, urine, and 
nasopharyngeal washings obtained in 
the acute phase (1st to 8th day) and 
a pool of stools obtained in the con- 
valescent phase (26th to 29th day) 
of 5 patients with experimentally in- 
duced infectious hepatitis. Open cir- 
cles indicate volunteers who were in- 
oculated and failed to contract infec- 
tious hepatitis; black circles indicate 
volunteers who contracted infectious 
hepatitis. The figure adjacent to each 
black circle represents the length of 
incubation period in days. (Havens, 
W. P., Jr., 1946, Period of infectivity 
of patients with experimentally in- 
duced infectious hepatitis. Journal of 
Experimental Medicine, 83, 251-258.) 


have a lower incidence of disease than do 
fresh troops not previously exposed. More- 
over, the demonstration of the protective 
effect of normal human gamma_ globulin 
when administered during the incubation 
period of infectious hepatitis also suggests 
the presence of certain neutralizing sub- 
stances in the blood of the normal human 
adult population, possibly as a result of a 
previous clinical or subclinical attack of the 
disease. Immunity has been demonstrated 
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experimentally (Neefe et al., 1946; Havens, 
1946c) in human volunteers convalescent 
from hepatitis caused by two different 
strains of virus when challenged with the 
homologous strain from 6 to 9 months after 
their initial infection. Partial cross immu- 
nity has also been shown between these two 
strains of virus in that volunteers, conva- 
lescent from hepatitis induced by a strain 
of virus obtained from children with the 
disease in a camp in Pennsylvania (Neefe 
et al., 1946), were immune when reinocu- 
lated with a strain of virus derived from a 
soldier who contracted the malady in Sicily. 
On the other hand, specific immunity may 
not be solid; a history of second attacks 
of hepatitis is said to be obtainable in from 
2 to 5 per cent of patients. Again, the lack 
of a specific diagnostic test makes it diffi- 
cult to evaluate such evidence, for one can- 
not eliminate serum hepatitis. It is quite 
possible that various strains of the virus 
exist, and if so, there is no indication that 
recovery from an attack with one strain 
will render the individual immune for a 
long or perhaps even a short period of 
time to all strains of the active agent, 
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In the absence of a specific immunologic 
test, diagnosis in the preicteric phase must 
be made on clinical and epidemiologic evi- 
dence. This also applies to nonicteric hepa- 
titis. Early in the disease, percussion ten- 
derness over the liver with posterior cervical 
adenopathy and splenomegaly may be of 
assistance, The measurement of retention 
of bromsulfalein dye is usually the first 
test of hepatic function to become abnor- 
mal, and this may occur as early as the sec- 
ond day of fever. The cephalin-cholesterol 
flocculation and the thymol turbidity tests 
become positive somewhat later, and ordi- 
narily bilirubin appears in the urine at the 
end of the preicteric phase before jaundice 
is apparent. During this phase, leukopenia 
with relative lymphocytosis is character- 
istic, 

No valuable immunologic test has been 
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devised. Sera of a very few patients with 
infectious hepatitis contain a heterogenetic 
antibody which agglutinates sheep erythro- 
cytes and fixes complement when combined 
with an antigen made from human liver. 
This heterogenetic antibody may be distin- 
guished from other hetero-antibodies in 
human serum primarily by its absorbability 
by human liver tissue or boiled guinea pig 
kidneys. 

During the febrile preicteric phase, the 
diseases which may be confused are: acute 
bacillary dysentery, typhoid and_ paraty- 
phoid fever, malaria, sandfly fever, dengue, 
influenza, infectious mononucleosis, and 
acute appendicitis. The subsequent course, 
the geographic location, the normal or low 
leukocyte count, and the demonstration of 
specific etiologic agents or their antibodies 
make the distinction evident. 

When jaundice is present, the following 
conditions may be considered: acute and 
subacute cholangitis, Weil's disease and yel- 
low fever. Jaundice may also occasionally 
develop in a variety of acute and chronic 
infections, as in malaria, brucellosis, ame- 
biasis, pneumococcus pneumonia, general 
septicemias, syphilis, both congenital and 
acquired (secondary), and infectious mon- 
onucleosis. In addition to the jaundice 
associated with various infections, other 
types of jaundice to be distinguished in- 
clude: (1) hemolytic, either congenital or 
acquired ; (2) hepatocellular, resulting from 
toxicity of chemicals, notably the halogen- 
ated hydrocarbons; cirrhosis of the liver; 
primary or metastatic carcinoma of the 
liver; and (3) obstructive, due to obstruc- 
tion of the biliary tract by calculus or 
neoplasm. 


TREATMENT 


Treatment of the disease is essentially 
symptomatic since none of the chemothera- 
peutic or antibiotic agents now known have 
any beneficial effect. The two most impor- 
tant therapeutic principles are prolonged 
bed rest and excellent diet. Recent studies 
by Hoagland et al, (1946) have shown that 
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the addition of cream, milk, butter and eggs 
to the diet makes it possible to increase the 
caloric intake early in order to protect the 
liver, to replace lost weight rapidly and to 
shorten the period of convalescence, In 
other words, the use of natural fats in the 
diets of patients with hepatitis is not contra- 
indicated, In the average case, jaundice is 
gone after the fourth or fifth week. At this 
time, if results of the bromsulfalein dye 
retention test are within normal limits, the 
patient may be allowed out of bed, begin- 
ning graduated activity acccording to indi- 
vidual tolerance. 


EPIDEMIOLOGY 


It is probable that infectious hepatitis 
exists throughout the world, although in 
the absence of specific diagnostic tests, its 
exact distribution and prevalence remain 
poorly defined. Recent outbreaks have been 
reported in the United States, England, 
Germany, Scandinavia, Central Europe, 
Italy and North Africa, Russia, the Pacitic 
area and other widely separated parts of the 
world, In certain parts of the world there 
is a distinct seasonal trend, with a sudden 
increase in prevalence in the autumn, often 
building up to epidemic proportions during 
the early winter and declining in the spring. 
However, the epidemic season may reach 
a peak in late winter and extend well into 
the spring. The age group in which most 
of the epidemic cases fall ranges from 5 
to 17 years, although it is common enough 
among young adults, for example, in mili- 
tary and university personnel, There is an 
apparent decreasing susceptibility with ad- 
vancing years, and among American troops 
in World War II, men over 33 years had 
only one-third the incidence found in 
younger men (Gauld, 1940). Institutional 
and family outbreaks are traditional, In 
families, the usual sequence of events is 
that one member acquires the disease which 
is followed in 3 or 4 weeks by its appearance 
in one or more of the other members. Such 
a leisurely spread may also characterize 
institutional and military epidemics. How- 
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Cuart 16. An outbreak of infectious hepatitis in which gamma globulin was 
given prophylactically. The progression of the epidemic was almost completely ae 
fined to the unprotected group. (Havens, W. P., Jr., and Paul, J. R., 1945, Preven- 
tion of infectious hepatitis with gamma globulin. Journal of the American Med- 


ical Association, 129, 270-272.) 


ever, sharp, explosive outbreaks may also 
occur (Chart 16). Within military units, 
the case rate can occasionally be as high 
as from 40 to 50 per cent of the command. 

The exact ways in which infectious hepa- 
titis normally spreads are not yet thor- 
oughly known. Gauld (1946) has indicated 
that most of the epidemiologic evidence 
points to some form of person-to-person 
contact, although explosive water-borne 
(Neefe and Stokes, 1945), milk-borne (Mur- 
phy et al., 1946), and food-borne (Read et 
al., 1946) epidemics have been described. 
There is good experimental evidence favor- 
ing the intestinal-oral circuit as one of the 
natural routes of spread. This concept is 
based in part on investigative work quoted 
hereafter and, in part, on epidemiologic 
study of military populations in which a 
high prevalence of the disease has occurred 
when and where camp sanitation was poor. 
The association of infectious hepatitis with 
intestinal diseases is recognized, and Kirk’s 
(1945) study among New Zealand soldiers 
at Alamein in Egypt in 1942 led him to 
believe that the disease was spread by flies 
carrying the infection from human excreta, 
It has furthermore been suspected that the 
prevalence of bacillary dysentery or sal- 
monella infections may either predispose in 
some unknown way to the acquisition of 
hepatitis or that these organisms are prone 


to act as secondary invaders (Havens and 
Wenner, 1946). Gauld (1946) has empha- 
sized the necessity of considering the pos- 
sibility of respiratory spread, in that this 
is consistent with the epidemic and seasonal 
pattern of infectious hepatitis. The experi- 
mental evidence for this is not well estab- 
lished since the few attempts to recover 
virus from the nasopharynx of patients in 
the active stage of the disease have been 
unsuccessful, with one possible exception 
(MacCallum and Bradley, 1944), The pos- 
sibility of transmission by a biting insect 
also deserves consideration on the basis of 
the facts that virus is present in the blood 
during the acute phase of disease and may 
be transmitted by very small quantities 
(0.01 cc.) of infectious blood. However, 
possible vectors are not common in the late 
fall and early winter months in many areas 
where the disease is prevalent. 

Its artificial spread as well as that of 
serum hepatitis through the use of contami- 
nated blood or serum, and by the use of 
improperly sterilized syringes or needles 
as described by Droller (1945), is a point 
for consideration, The extreme viability of 
the icterogenic agent, the infectiousness of 
small quantities of blood, and the evidence 
just mentioned suggest that infectious hepa- 
titis probably has been transmitted uninten- 
tionally more often than is realized, In 
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summary, epidemiologic observations and 
experimental studies suggest that the intes- 
tinal-oral route may be one of the natural 
ways of spread of infectious hepatitis. In 
support of this concept are the following 
facts: (1) virus is known to be present in 
the feces of patients in the acute phase of 
disease, and may be transmitted to man by 
feeding; (2) infectious hepatitis frequently 
flourishes in environments where sanitation 
is poor; (3) water-borne, food-borne and 
milk-borne epidemics have been reported. 


CoNTROL MEASURES 


Procedures which tend to interrupt the 
intestinal-oral route should be carried out 
in an attempt to control the spread of the 
disease. During any institutional or camp 
outbreak, attention should be directed to- 
ward the general sanitation of the site, fly 
abatement, sterilization of food receptacles, 
elimination of infected food handlers, and 
prevention of fecal contamination of food, 
water and milk supplies. The degree of 
chlorination effective against hepatitis virus 
has not yet been determined, Detection of 
human carriers or subclinical cases is im- 
possible because of the lack of suitable 
laboratory technics. However, every pos- 
sible effort should be made to keep food 
handlers free from infection. Particular 
effort should be made to sterilize all needles 
and syringes which come in contact with 
the blood of such patients. Since it is as 
yet unknown how long virus remains in 
stools or blood, it is advisable to regard 
the stools as potentially infectious for at 
least one month after the onset of disease 
and to insist that patients do not act as 
blood donors for nine to twelve months after 
recovery. 

It was shown first by Stokes and Neefe 
(1945) and later corroborated by others 
(Havens and Paul, 1945; Gellis et al., 
1945), that normal human gamma globulin 
confers passive protection if given during 
the incubation period, up to within six days 
before the onset of disease (Chart 17). Al- 
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though the exact dosage necessary has not 
vet been determined, it has been shown 
that 0.06 to 0.12 ce. per pound of body 
weight is effective when given intramuscu- 
larly. For the average adult, 10 cc. is suf- 
ficient. It has been estimated that such 
passive protection lasts from six to eight 
weeks. Passive immunization is recom- 
mended for exposed persons who, by reason 
of their general condition, are not likely to 
tolerate an illness, for those involved in 
certain family outbreaks, and to interrupt 
the course of epidemics in institutions or 
camps. 


SERUM HEPATITIS 

Reference has been made to the fact that 
serum hepatitis (SH) and infectious hepa- 
titis (IH) are both members of the same 
group of diseases. At present, serum hepa- 
titis is an artificial disease. It may be 
described arbitrarily as a form of hepatitis 
ordinarily produced by the parenteral in- 
oculation of human blood or its products 
obtained from a person who, though not 
apparently ill, is carrying the causative 
filterable icterogenic agent in his blood. 
Many thousands of infections have been 
produced in persons who have received in- 
jections of human convalescent serum, vac- 
cines containing human serum, plasina, and, 
rarely, whole blood. The course of disease 
is clinically indistinguishable from infec- 
tious hepatitis although there is some evi- 
dence to indicate that it may be more 
severe than the latter condition, particu- 
larly in debilitated patients. 

It is probable that this type of hepatitis 
has existed for many years, but poorly de- 
fined. Thus, epidemics of jaundice follow- 
vaccination for smallpox in Germany 
(Liirman, 1885) in the 1880’s were prob- 
ably examples of this disease. Also the 
jaundice among syphilitic patients treated 
or arsenical drugs or bismuth, which has 
been recorded for many years, may fall 
into this category, for certain observers, 
notably Stokes et al. (1920) and Ruge 
(1927), have suggested that the injury to 
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Cuart 17. Rates at which infectious hepatitis developed in four groups of chil- 


dren during an epidemic of hepatitis at an 


asylum. The open squares indicate 


cases without jaundice. The black squares indicate cases with jaundice. (Havens, 


WP Jt and. Paul, }. R., 1945, 
globulin, Journal of the American 


the liver was caused by an _ infectious 
agent instead of a chemical. It is only 
within recent years, however, that the con- 
cept of the viral etiology of serum hepatitis 
has evolved. It is now apparent that pa- 
tients with this form of hepatitis may be 
divided into two groups: (1) those who are 
infected by improperly sterilized syringes 
or needles employed in giving insulin, anti- 
Syphilitic therapy, penicillin, etc., or in 
withdrawing blood for various procedures 
such as observation of the erythrocyte sedi- 
mentation rate or blood counts; and (2) 
those who are infected by the administra- 
tion of transfusions, and contaminated hu- 
man blood products such as convalescent 
serum, vaccines containing human serum, 
or plasma. In the years just prior to and 
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during World War II, tens of thousands of 
cases of serum hepatitis occurred. Most of 
these were in military personnel following 
transfusions of plasma or vaccination with 
the yellow fever vaccine which contained 
human serum. However, civilians have also 
been involved in outbreaks of this disease, 
particularly in Brazil (Fox et al., 1942) in 
the early days of use of yellow fever vac- 
cine. Moreover, with the increased use of 
plasma transfusions in civilian hospitals, 
there appears to be an increase of serum 
hepatitis among patients receiving such 
therapy. 

The geographic distribution of serum 
hepatitis is not known, but there is evi- 
dence to suggest that it is widespread, since 
it has been described in such widely sep- 
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arated areas as the United States, Brazil, 
Russia, England, Sweden and the Middle 
East. 

Clinically and pathologically, serum 
hepatitis and infectious hepatitis are al- 
most indistinguishable after the onset of 
disease, and as in infectious hepatitis many 
cases of serum hepatitis never develop clini- 
cal evidence of jaundice. The same thera- 
peutic principles apply to both conditions. 
Nevertheless, it is important that a dis- 
tinction be made between serum hepatitis 
and infectious hepatitis. This distinction 
between the two conditions is based on 
certain differences which have been de- 
termined by epidemiologic and experimen- 
tal observations. 

As in infectious hepatitis, the etiologic 
agent of serum hepatitis is believed to be 
a virus and is transmissible to man in 
series and evokes homologous immunity. 
The etiologic agent of homologous serum 
jaundice is filterable and resistant to 56° 
C. for from 30 to 60 minutes (Oliphant et 
al., 1943). It survives in the frozen state 
for several years, and in a desiccated state 
at room temperature for at least a year; 
it keeps well in serum containing mer- 
thiolate in concentration 1: 2000, or in a 0.2 
per cent concentration of tricresol (Neefe, 
1946). It may be inactivated in serum by 
exposure to ultraviolet light for 45 minutes 
at 2537 Angstrém units (Oliphant and 
Hollaender, 1946). 

Certain differences are apparent between 
the two clinical conditions and their eti- 
ologic agents (Table 14). Attention has 
been called to the fact that the onset of 
disease in infectious hepatitis is more apt 
to be sudden with fever over 100° F., 
whereas fever in the preicteric stage of 
serum hepatitis is apparently uncommon 
(Turner et al., 1944). The virus of serum 
hepatitis is present in the circulating blood 
during the long incubation period as well as 
in the active stage of the disease (Charts 
18 and 19), (Havens, 1946b) ; indeed, it 
has been demonstrated (Neefe et al., 1944) 
in the blood 87 days prior to the onset of 
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symptoms. It apparently produces disease 
only when inoculated parenterally (one 
exception reported by MacCallum = and 
Bauer, 1944), and symptoms appear in- 
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Cuart 18. Illustration of results of 
administration to human volunteers of 
pools of serum and _ stool obtained 
three-fourths through (48th day) the 
incubation period and during the 
acute (4th to 8th day) and conva- 
lescent (28th to 32nd day) phases of 
3 patients with experimentally in- 
duced homologous serum jaundice. 
The horizontal bar in the middle of 
the diagram indicates the general 
course of the 3 patients who were 
donors of the material to be tested. 
Incubation periods of the donors were 
56. 66 and 70 (average 64) days re- 
spectively. Serum was obtained from 
each man three-fourths through his 
respective incubation period (average 
48 days). Open circles indicate vol- 
unteers who were inoculated and 
failed to contract the disease; black 
circles indicate volunteers who con- 
tracted homologous serum jaundice. 
The figure adjacent to the black circle 
represents the length of incubation 
period in days. (Havens, W.-FP.. Jt. 
1946, Period of infectivity of patients 
with homologous serum jaundice and 
routes of infection in this disease. 
Journal of Experimental Medicine, 
83, 441-447.) 


Serum 


6 71 66 


sidiously after a long incubation period of 
from 60 to 120 days or longer (Chart 20). 
The disease is not so contagious as in- 
fectious hepatitis; evidence of contact in- 
fection is rare; and the virus has not been 
demonstrated in the feces as is the case 
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TABLE 14. CoMPARISON OF BEHAVIOR OF VIRUSES OF INFECTIOUS HEPATITIS AND 
T * 
SERUM HEPATITIS IN EXPERIMENTALLY INFECTED HUMAN VOLUNTEERS 
Virus INFECTIOUS HEPATITIS SERUM HEPATITIS 
i PU era le anc tee er ba ee Seitz EK Seitz EK 
2. Resistance to heat .......... 56° C. 30 minutes 56° C. 60 minutes 
3. Susceptible host ............Man Man 
4. Incubation period (Days) ... 15-34 56-134 
5. Route of infection (Experi- . 
ROGIER Wa eed tees see Parenteral or oral inoculation Parenteral inoculation 
Dee Wg An SOO ce ts ain cre Acute phase Not demonstrated 


7. Virus in serum .... .....Acute phase 


8. Immunity 


Present 
.......Not tested 


a. Homologous 
b. Heterologous 


Incubation period and acute 
phase 


Not tested 
None apparent 


a a ee ee. 


* (Havens, W. P., Jr., 1947, The etiology of infectious hepatitis. J. Am. Med. Assn., 134, 653-655.) 





in infectious hepatitis. This fact, in com- 
bination with the failure to produce disease 
in human volunteers by the oral adminis- 
tration of serum known to contain virus, 


suggests that the intestinal-oral route may 
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Cuarr 19, Schematic illustration of 
results of attempts to demonstrate 
virus in the blood of patients during 
the incubation period and course of 
disease of infectious hepatitis and ho- 
mologous serum jaundice, Isolation 
of virus was determined by the repro- 
duction of disease in human volun- 
teers, (Neefe, J. R., et al., 1944; Paul, 
J. R., et al., 1945. Francis, T., Jr,, et 
ce 1946; Havens, W. P., Jr., 1946a, 

.) 


not be of importance in its spread, differ- 
entiating it from infectious hepatitis. 
Moreover, studies on immunity in human 
volunteers corroborate the epidemiologic 
experience that patients who have had in- 
fectious hepatitis are susceptible to serum 
hepatitis and vice versa (Havens, 1945b; 
Neefe et al., 1945b). Lastly, the long period 
of viremia present in the long incubation 
period in patients with serum hepatitis may 
exert some influence upon the prophylactic 
effect of normal human gamma globulin in 
serum hepatitis; for in this disease favor- 
able results have followed the administra- 
tion of two doses a month apart, while no 
protection was demonstrable when only 
one dose was given (Grossman et al., 1945; 
Duncan et al., 1947). This is in contrast 
to the situation in infectious hepatitis. It 
has not been determined yet whether differ- 
ences in effective routes of inoculation, 
length of incubation period, onset of dis- 
ease, distribution of virus, period of infec- 
tivity, and lack of cross immunity observed 
in the two conditions are representative of 
the activities of different viruses or of 
Strain differences of the same virus. The 
solution of these problems awaits the de- 
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velopment of appropriate serologic. tests 
and the discovery of a susceptible labora- 
tory animal. 


PREVENTION AND CONTROL 


The long period of asymptomatic vir- 
emia in serum hepatitis, lack of specific 
serologic tests and susceptible laboratory 
animals, and ignorance about length of 
time that patients carry the virus after re- 
covery make prevention and control diff- 
cult, particularly in view of common thera- 
peutic measures in which human plasma 
and convalescent human serum are used. In 
addition, the resistance of the virus to 
physical and chemical agents is such that 
there is no practicable way to treat all hu- 
man blood products to render them safe. It 
has been shown recently, however, that heat- 
ing human albumin at 60° C. for 10 hours 
inactivates the virus without destroying 
the therapeutic value of the albumin 
(Neefe, 1946). Jn view of these facts and 
the extreme infectivity of the virus (0.01 cc. 
of serum is infectious), the following pre- 
cautions should be taken when human 
blood products are used: (1) patients with 
a history of jaundice should not act as 
blood donors for at least a year after the 
disappearance of jaundice; (2) pools of 
plasma should be furnished by not more 
than two donors; (3) the need for the use 
of plasma or convalescent human serum 
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practice because of the danger of trans- 
mitting another disease to a patient al- 
ready sick; (4) as prophylaxis in certain 
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Cuart 20. Comparison of the dura- 
tion of incubation periods of human 
volunteers experimentally inoculated 
with a strain of infectious hepatitis 
virus and a strain of homologous 
serum jaundice virus. Each line repre- 
sents the incubation period and course 
of disease of a single volunteer, Vol- 
unteers were inoculated at ( days. 
These strains of hepatitis virus were 
previously described (Havens, W. P., 
Jr., et al., 1944; Paul, J. R., et al., 
1945) as a part of experiments con- 
ducted by the Neurotropic Virus Dis- 

ease Commission, U. S. Army. 


patients, one may be justified in giving 10 
ec, of gamma globulin intramuscularly on 
two occasions one month apart, starting a 
month after plasma transfusions were re- 


should be carefully considered in civilian ceived. 
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Common Cold 


(Synonyms: Acute coryza, acute rhinitis ) 


INTRODUCTION 


The common cold is an ill-defined, clini- 
cal syndrome which is thought to arise 
usually as a result of infection. The symp- 
toms are indicative of an acute, self-limited 
alteration in the physiology of the mucous 
membrane of the upper respiratory tract, 
particularly that of the nose. The etiology 
has not been conclusively established, al- 
though there is evidence suggesting that 
some colds may be initiated by a virus. The 
condition occurs more commonly than all 
other ailments of man combined and causes 
annually an enormous total morbidity. Of 
themselves, colds are mild and usually of 
short duration but often lead to secondary 
bacterial infections which may be pro- 
tracted and sometimes are serious. 


HISTORY 


The condition was described in some of 
the earliest medical writings and numer- 
ous papers Concerning it have appeared in 
the past several decades. Kruse (1914) 
first reported successful experimental trans- 
mission with filtered materials in man. 
More than six independent reports have 
appeared confirming this observation 
Whereas in five other reports negative re- 
sults in similar experiments were presented. 
Dochez et al. (1930) first reported suc- 
cessful transmission of the common cold 


, 


to chimpanzees by means of filtrates. Cul- 
tivation of the virus in tissue culture me- 
dium (Dochez et al., 1931) and on the 
chorio-allantoic membrane of the chick 
embryo (Kneeland et al., 1936) has been 
described. No evidence has been presented 
that specific antibodies against the causal 
agent develop following the disease. 


CLINICAL PICTURE 


The incubation period is thought to be 
short. In transmission experiments in man 
it ranged from a few hours to three days 
The onset is usually ill-defined. Often the 
first symptom is a sensation of irritation 
and fullness in some part of the upper res- 
piratory tract, commonly the nasopharynx. 
The onset may be heralded by attacks of 
Sneezing and the prompt development of 
a copious nasal discharge. Chilly sensations, 
headache, malaise, nonproductive cough 
and vague aching of the extremities are 
common. Often there is a slight increase in 
temperature which is seldom more than 
101° F. The nasal mucosa is swollen and 
injected; one or both nostrils may be par- 
tially or completely occluded. The con- 
junctivae show injection in varying degree 
as do the walls of the fauces and the pos- 
terior pharynx. The upper cervical lymph 
nodes may become slightly enlarged or 
tender. The olfactory sense is usually di- 
minished and hearing may be impaired. The 
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DIAGNOSIS 


nasal discharge is commonly thin and 
watery at the outset, later it becomes vis- 
cous or ropey and finally it may be puru- 
lent. Excoriations often develop at the nasal 
orifices. Malaise and prostration occur in 
widely varying degrees. The course is vari- 
able both as to duration and severity. If 
complications do not develop, symptoms 
seldom persist longer than one week and 
may largely disappear in three or four days. 
Secondary bacterial infection of some area 
of the respiratory tract develops commonly ; 
the paranasal sinuses, middle ears, tonsils, 
pharynx, larynx, trachea, bronchi or lungs 
may be invaded. Any of the potentially 
pathogenic micro-organisms in the upper 
respiratory tract may cause secondary in- 
fection. 


PATHOLOGIC PICTURE 


The mucous membrane of the upper res- 
piratory tract, especially that of the nose, 
is swollen, boggy and inflamed. The lymph- 
oid follicles in the affected area are en- 
larged. There is a striking increase in secre- 
tion, both serous and mucous, from the 
nose, Frequently purulent exudate is pres- 
ent on the surface of the turbinates and 
walls of the nasopharynx. In the early 
stages the nasal secretions contain rela- 
tively few cells and bacteria; later in the 
course of the disease large numbers of cells 
and bacteria may be present. The chief al- 
terations are confined to the mucous mem- 
brane; vascular engorgement and edema 
predominate, infiltration by lymphocytes 
and mononuclear cells occurs in mild degree 
as does desquamation of surface cells; ne- 
crosis is usually absent. 


EXPERIMENTAL INFECTION; HOST 
RANGE 

Many attempts have been made to trans- 
mit the infection to a wide variety of animal 
species. Although numerous reports of suc- 
cessful experiments have appeared, it is 
doubtful that unequivocal evidence for 
transmission has been obtained in any 
species other than man and the chimpanzee. 
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The studies of Olitsky and McCartney 
(1923), Dochez et al. (1930) and other 
workers indicate that colds can be trans- 
mitted to both species by means of a filter- 
able agent. Experimentally induced colds 
show many features in common with the 
naturally acquired disease. Kneeland et al. 
(1936) obtained evidence that the agent 
could be cultivated on the chorio-allantoic 
membrane of the chick embryo. 


ETIOLOGY 

Many workers think that the common 
cold is often initiated by a virus. The re- 
sults of numerous transmission experiments 
with bacteria-free filtrates in man and an- 
thropoid apes support this idea. However, 
because of the difficulties inherent in experi- 
ments employing either man or apes, it 
has not been possible to obtain decisive 
evidence. Apparently, the agent is filterable 
through Berkefeld V, N or W candles and 
Seitz pads (Dochez et al., 1930). Reports 
indicate that the agent can be cultivated 
in series in special chick embryo tissue 
(Dochez et 1931; 
Powell and Clowes, 1931). It appears that 


culture medium x. 
the agent can be preserved by freezing and 
drying in vacuo and can be stored for some 
days under anaerobic conditions at 4° C. 
(Dochez et al., 1931; Kneeland et al., 
1936). There is no evidence as to the possi- 
bility that specific antibodies against the 
agent develop following either natural or 
experimental colds. The results of tests for 
immunity to reinfection in chimpanzees 
suggest that resistance may develop and 
persist for three or four months. 


DIAGNOSIS 


The diagnosis is dependent entirely upon 
clinical findings which in most cases are 
fairly typical; there is no laboratory test 
the results of which will positively support 
the diagnosis. Many conditions may cause 
clinical syndromes closely similar to, if not 
identical with, that of the common cold; 
among these are various forms of nasal 
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allergy, bacterial infections of the upper 
respiratory tract, local irritations and a 
number of viral diseases, especially infu- 
enza, abortive measles, etc. 


TREATMENT 


No effective treatment has been devised. 
Symptomatic therapy does not alter the 
course of the condition. 


EPIDEMIOLOGY 


The disease occurs throughout the world, 
in every climate and at any time, although 
there are seasonal variations in incidence 


COMMON COLD 


which, apparently, are correlated with 
abrupt changes in weather. It occurs more 
commonly in the temperate zones than in 
the tropics. In the United States the inci- 
dence is approximately 2.5 attacks per per- 
son annually. Children appear to be more 
susceptible than adults. Transmission from 
one person to another is thought to occur; 
epidemics have been described. 


CONTROL MEASURES 


No effective control measure has been de- 
vised. Vaccines have not been shown to 
decrease susceptibility to the disease. 
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Primary Atypical Pneumonia 


(SyNonyMs: Acute pneumonitis, acute interstitial pneumonitis, 
atypical pneumonia, atypical bronchopneumonia, virus pneumonia ) 


INTRODUCTION 


Primary atypical pneumonia is an acute, 
infectious, self-limited disease of man. The 
chief manifestations are the result of an 
infection of the respiratory tract; pulmo- 
nary consolidation in varying degree char- 
acteristically develops. Certain viral or 
rickettsial diseases of clearly established 
etiology may simulate primary atypical 
pneumonia very closely; these are psittaco- 
sis or ornithosis, Q fever, influenza, and 
lymphocytic choriomeningitis. The chapters 
concerning the later diseases should be con- 
sulted. 

HISTORY 

Contemporary interest in this form of 
pneumonia arose from reports which ap- 
peared between 1930 and 1940. However, 
numerous reports of similar cases are to be 
found in various publications which ap- 
peared during the past five or six decades. 
Whether or not the disease is of recent 
origin, i.e., a so-called “new” disease, is a 
question which cannot be answered. The 
papers of Arrasmith (1930), Gallagher 
(1934), Bowen (1935), and Allen (1936- 
37), as well as many others published later, 
drew attention to the disease and clearly 
described the clinical manifestations. Ex- 
tensive reviews of the pertinent literature 
were published by Dingle and Finland 


(1942), MacLeod (1943), Owen (1944), 
and Schmitz (1945). The factors which 
probably were responsible for the relatively 
recent differentiation of this form of pneu- 
monia from others, particularly the various 
bacterial pneumonias, are the following: 
the results of bacteriologic investigations 
on pneumonia; the results of virus studies 
on acute respiratory infections; the use of 
the X-ray in the diagnosis of respiratory 
diseases; studies carried out on respiratory 
infections in schools, colleges and camps: 
and the use of chemotherapeutic agents in 
the treatment of acute respiratory diseases. 
During World War II the disease occurred 
commonly, especially among armed force 
personnel. 


CLINICAL PICTURE 


The incubation period appears to be be- 
tween two and three weeks on the basis of 
instances of natural case-to-case transmis- 
sion. In experimental transmission of the 
disease to man the incubation period ranged 
from 7 to 14 days (Commission on Acute 
Respiratory Diseases, 1946). The onset is 
usually gradual and ill-defined. The initial 
complaint is often lassitude, weakness, Or 
fatigue. The symptoms which are present 
during the first few days are common to 
various acute respiratory infections and are 
not characteristic of any single disease en- 
tity. Often the presence of pneumonia is 
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not suspected until roentgenograms of the 
chest are taken. The following signs and 
symptoms are the most common: fever, 
cough, sputum, headache, malaise and chill- 
iness. Cough is almost invariably present ; 
in its absence, the diagnosis is questionable. 
Ultimately, the cough is productive of 
sputum which is either mucoid or muco- 
purulent. Early in the disease most patients 
do not appear very ill; fever is present 
but is usually not high; respirations are 
normal, The pulse rate is slow in relation to 
the fever; relative bradycardia occurs in 
about two-thirds of cases and is of some 
diagnostic importance. Abnormal physical 
signs are not striking. Slight dullness or 
resistance to percussion over the affected 
lung area may be present. Harshness of the 
breath sounds or diminished breath sound 
transmission is common. Rales can be de- 
tected in most instances : during the early 
Stages they are fine or subcrepitant, later 
they may become coarse and moist. 

Roentgenograms almost invariably show 
more extensive pneumonia than the physical 
findings suggest. Pulmonary lesions show 
marked variation in density and in distri- 
bution. The consolidation usually appears 
most dense at the hilum and is progressively 
less dense nearer the periphery. The bor- 
ders of the pneumonic area are irregular and 
ill-defined, X-ray shadows may appear dif- 
fuse, mottled, feathery, or, in rare instances. 
dense. The site is most frequently in the 
lower lobes, although any area in the lungs 
may be affected. In approximately 50 per 
cent of patients, pneumonia is present in 
only one lobe; in the remainder more than 
a single lobe is affected. In some instances 
pneumonia is migratory and may extend 
from one lobe to another, The duration of 
pneumonia demonstrable by X-ray varies 
widely. On the average, it is present for 
about two weeks with a range of a few days 
to 7 or 8 weeks. It is doubtful that a diag- 
nosis can be made on X-ray evidence alone ; 
the X-ray picture is not distinctive and. is 
simulated closely by other forms of pul- 
monary disease. 


ATYPICAL PNEUMONIA 


The total leukocyte count is within the 
normal range in approximately two-thirds 
of patients but may vary widely in certain 
cases. The differential leukocyte pattern is 
usually within normal limits. The erythro- 
cyte sedimentation rate is almost always 
increased during the acute phase of illness 
and may remain elevated in convalescence. 
The urine is usually normal. Plasma a- 
amino acid and serum chloride levels, as 
well as chloride excretion, are within the 
normal range. The electrocardiogram is nor- 
mal. Occasionally positive Wassermann or 
Kahn reactions may be obtained with acute 
phase serum. Cultures of the sputum show 
the presence of the usual array of bacterial 
species which are found in the upper res- 
piratory tract of normal persons. Cultures 
of the blood show no bacterial growth. 

Positive cold-hemagglutination reactions 
(Peterson et al., 1943: Turner, 1943) are 
demonstrable with serum from approxi- 
mately 55 per cent of patients. The technic 
for carrying out the cold-hemagglutination 
test with human group O erythrocytes is 
described in the chapter on “Serologic and 
Immunologic Technics.” Both the frequency 
of positive reactions and the height of the 
titer which develops appear to be directly 
related to the Severity or the duration of 
the disease. In severe cases or those with 
a prolonged illness, cold-hemagglutination 
may be demonstrable in over 90 per cent of 
instances, while in mild cases the reaction 
may be positive in only about 20 per cent. 
The component responsible for this unusual 
reaction usually appears in the serum during 
the second week of the disease. Maximum 
titers are found usually during the third 
or fourth week and, thereafter, the titer 
gradually diminishes until eventually the 
component disappears, There is, as yet, no 
Satisfactory explanation for the develop- 
ment of positive cold-hemagglutination re- 
actions during the disease, 

The duration of fever and the degree to 
which the temperature is elevated vary 
widely, On the average, fever is present 
for about 10 days with a range of one day 
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to 6 or 7 weeks. The temperature may vary 
from 99 to 106°F.: the average maximum 
temperature is approximately 103°. ‘Tem- 
perature charts show great individual vari- 
ations ; the most common temperature curve 
is of the moderately remittent variety. 
Fever usually falls by lysis. Resolution 
often begins at the time that the tempera- 
ture comes to normal, However, complete 
resolution does not occur until the tempera- 
ture has been normal for some days. 

Complications are uncommon and are 
rarely of much significance, Pleuritis occurs 
rarely, Acute sinusitis, otitis media, derma- 
titis, stomatitis and gingivitis have been 
described. Hemolytic crises and anemia 
have been reported and apparently are asso- 
ciated with the presence of extremely high 
cold-hemagglutination titers. Thrombophle- 
bitis or bronchiectasis may develop. 

PATHOLOGIC PICTURE 

It is doubtful that the pathologic altera- 
tions are distinctive or that they differen- 
tiate the disease from certain other forms 
of pneumonia, e.g., psittacosis, Q fever, etc. 
In varying degree there is evidence of a 
patchy, irregularly distributed pneumonia 
of the bronchopneumonic form, The pneu- 
monic areas appear hemorrhagic, and there 
is an associated bronchitis and bronchiolitis. 
The pneumonic areas may be extensive and 
widespread or discrete, circumscribed and 
multiple. Various stages of consolidation are 
seen in a single lung, even in a single lobe. 
The lumina of the bronchi contain mucoid 
or mucopurulent exudate. The bronchial 
mucosa appears injected and inflamed. In 
some instances the consolidated areas are 
firm, grayish yellow and, on section, appear 
almost dry; in others, they are soft and 
friable, dark red or purple and, on section, 
bloody fluid may exude. Occasionally smal! 
amounts of straw-colored pleural fluid are 
present. 

Microscopic examination of the affected 
lung areas shows evidence of multiple 
patches of pneumonia associated with bron- 
chitis. The alveoli show thickening of their 
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walls, dilatation of the septal capillaries, 
edema in varying degree, and infiltration of 
the inter-alveolar septa by lymphocytes, 
mononuclear cells, and erythrocytes. Poly- 
morphoneuclear cells are not prominent. 
The alveolar spaces, in most instances, are 
not completely filled either with edema fluid 
or with exudate. The paucity of abnormal 
physical signs may be attributable to the 
fact that air remains in many alveoli and, as 
a consequence, alterations in the transmis- 
sion of sound through the lung, which ac- 
counts for the abnormal physical signs in 
lobar pneumonia, do not occur. 
Pneumonic areas are most extensive in 
regions adjacent to bronchi and bronchioles. 
Peribronchial as well as perivascular cellu- 
lar infiltrations, sometimes marked in ex- 
tent, are usually present and the commoner 
cell types are lymphocytes and mononuclear 
cells, The bronchial mucosa is often well 
preserved, although areas of necrosis of the 
epithelium may be seen, especially in the 
bronchioles. The bronchial submucosa and 
rarely the deeper layers may show evidence 
of infiltration by polymorphonuclear cells. 
The bronchial lumina usually contain vary- 
ing amounts of exudate in which polymor- 
phonuclear cells are conspicuously promi- 
nent, Bacteria usually are not seen in the 
pneumonic areas. The presence of intra- 
cellular inclusion bodies, elementary bodies, 
or rickettsiae has not been demonstrated. 


EXPERIMENTAL INFECTION ; HOST 
RANGE 

Among the various infectious 
which have been implicated as possible pri- 
mary incitants of the disease the following 
require comment, Stokes et al, (1939) re- 
ported the recovery of a filterable agent, 
infectious for mice, guinea pigs and ferrets, 
from 2 patients but the agent was lost be- 
fore immunologic tests could be carried out. 
Weir and Horsfall (1940) reported the re- 
covery of a virus, infectious for wild Jamai- 
can mengoose (Herpestes griseus ) and 
transmissible in series in chick embryos, 
from 4 patients and presented evidence to 
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show that in 6 patients neutralizing anti- 
bodies against the agent developed during 
convalescence. Blake et al. (1942) recovered 
a filterable agent, infectious for cats and 
kittens, from cats ill at the same time as 
patients in a household epidemic and pre- 
sented evidence suggesting that the infec- 
tions in both species were similar. Eaton et 
al. (1942) reported the recovery of a filter- 
able agent, infectious for cotton rats, from 
patients but failed in attempts to show that 
antibodies against it were produced. Hors- 
fall et al. (1943) reported that a filterable 
agent, infectious for cotton rats, was present 
in the sputum of one patient and presented 
evidence suggesting that antibodies against 
the agent developed during the disease in 6 
patients. Eaton et al. (1944) reported the 
recovery from patients of a virus which is 
transmissible in series in chick embryos, 
and induces pneumonia following intranasal 
inoculation in cotton rats or hamsters, Evi- 
dence was presented to show that neutral- 
izing antibodies against the virus are pro- 
duced by patients during the illness (Eaton 
and van Herick, 1947). The Commission on 
Acute Respiratory Disease (1946) reported 
that the disease could be experimentally in- 
duced in human beings following inocula- 
tion into the upper respiratory tract of 
pooled sputa and throat-washings obtained 
from patients. They showed also that bac- 
teria-free filtrates of such pooled specimens 
were capable of inducing the disease in man 
and that the experimental infection could 
be transmitted in series a second time in 
volunteers. 

Despite the results described in these 
various reports, confirmatory evidence ob- 
tained by independent workers has not yet 
appeared with respect to any of the agents 
mentioned, Attempts have been made to re- 
peat, in appropriate animal Species, several 
of the experimental procedures described 
but unequivocal results have not been ob- 
tained. Various kinds of specimens from 
many patients have been inoculated in nu- 
merous animal species by several routes 
and serial passages have been carried out 
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without obtaining evidence for the presence 
of an infectious agent (Curnen et al., 1945; 
Commission on Acute Respiratory Diseases, 
1945). The following animal species have 
been employed: mice, cotton rats, hooded 
rats, white rats, hamsters, guinea pigs, rab- 
bits, mongoose, three species of monkeys, 
chick embryos, baby chicks, ferrets, rice 
birds, doves, puppies, dogs, kittens, and 
cats. Chimpanzees also have been inoculated 
without success. 

The nonhemolytic streptococcus, desig- 
nated streptococcus MG (Thomas et al., 
1943b), which was isolated from the lungs 
of six fatal cases is not pathogenic for any 
of the common laboratory animals including 
monkeys, but does cause fatal infection of 
the chick embryo. The micro-organism is 
very resistant to sulfonamide action but is 
susceptible to the effect of penicillin both 
in vitro and in the chick embryo. 


ETIOLOGY 


Despite many attempts to recover the in- 
fectious agent or agents, there is not yet 
complete agreement among investigators as 
to the nature and identity of the causal 
agent. Bacterial species of established path- 
ogenicity for man appear not to play an 
etiologic role. Similarly, rickettsiae and 
viruses, known to be causally related to 
other diseases in human beings, appear not 
to be etiologically related to the illness. The 
condition is similar to certain forms of pneu- 
monia which result from infection with 
viruses or rickettsiae of established iden- 
tity, e.g., psittacosis (or ornithosis) virus, 
influenza A virus, influenza B virus, lymph- 
ocytic choriomeningitis virus, Rickettsia 
burneti, etc. However, conclusive and un- 
equivocal evidence as to etiology is still 
lacking despite very thorough investigations 
by a number of competent workers, 

The different results obtained in attempts 
to transmit the infectious agent or agents 
to laboratory animals are confusing and con- 
flicting. It is possible that each of a variety 
of different infectious agents may be capa- 
ble of inciting the disease, and that at differ- 
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ent times and places one or another of these 
agents was recovered, It appears that no 
fewer than five seemingly different infectious 
agents, each of which may be a virus, have 
been implicated as possible etiologic fac- 
tors (Stokes et al., 1939; Weir and Hors- 
fall, 1940; Blake et al., 1942; Eaton et 
al., 1942; Horsfall et al., 1943; Eaton et al., 
1944; and Commission on Acute Respira- 
tory Diseases, 1946). However, none of the 
reports concerned with filterable infectious 
agents in relation to the disease has been 
confirmed by an independent report from 
another laboratory. 

All the agents which have been claimed 
to be transmissible to laboratory animals 
possessed certain properties in common 
which made experiments with them difficult 
to carry out and the results even more diffi- 
cult to interpret. Each agent was of very low 
pathogenicity, each produced evidence of 
infection in only a certain percentage of 
inoculated animals and each had a very 
limited host range. Moreover, all species 
of laboratory animals, excepting only the 
chick embryo, which appeared to be sus- 
ceptible to infection by these agents are 
known to harbor one or more latent viruses 
which, in a number of instances, are them- 
selves capable of inducing pneumonia in 
their natural hosts. The results of neutral- 
ization tests with sera from small numbers 
of patients (Weir and Horsfall, 1940; Blake 
et al., 1942; and Horsfall et al., 1943), as 
well as with sera from a large number of 
patients (Eaton and van Herick, 1947), 
were considered to indicate that neutralizing 
antibodies against each of the agents em- 
ployed had developed during the illness. 
Convincing evidence for the development of 
such antibodies against a virus would pro- 
vide strong evidence in favor of an etiologic 
relationship. However, in the light of the 
number and peculiarity of the serologic 
phenomena which are associated with the 
illness as well as the very low pathogenicity 
of the infectious agents described, which 
has necessitated the use of at most only a 
few 50 per cent infectious doses in the 
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presence of much tissue material, it appears 
doubtful that entirely unassailable evidence 
for the development of antibodies against 
a virus has been obtained, 

The results of experimental transmission 
of the disease in human volunteers (Com- 
mission on Acute Respiratory Diseases, 
1946) appear to have been more decisive 
than results obtained in laboratory animals. 
Among 60 men who were inoculated with 
pooled specimens obtained from patients, 
16 developed an illness which was thought 
to be primary atypical pneumonia, whereas 
26 others developed so-called minor respira- 
tory illness without pneumonia. Among the 
16 volunteers in whom the disease was ap- 
parently induced, 13 developed cold-hemag- 
glutinins, and 2 aiso developed agglutinins 
against streptococcus MG. These workers 
concluded that the results of their studies 
indicate that the disease is at least initiated, 
if not caused, by a filter-passing agent, pre- 
sumably a virus. 

Thomas et al. (1945) raised the possibility 
that a nonhemolytic streptococcus, desig- 
nated streptococcus MG, might be impli- 
cated in the pathogenesis of the disease. 
This micro-organism was isolated from the 
lungs of fatal cases of the disease, is a single 
serologic type of nonhemolytic  strepto- 
coccus, and elaborates a capsular poly- 
saccharide which is responsible for the type 
specific immunologic reactions obtained 
with it. Approximately SO per cent of 
patients develop agglutinins against strep- 
toccocus MG. In mild cases or those of 
relatively short duration, agglutinins may 
develop in only about 20 per cent of the 
instances, whereas in severe cases or those 
of long duration, agglutinins may develop in 
over 75 per cent of the instances. Agglutinins 
against the bacterium usually appear during 
the second or third week after onset, com- 
monly reach maximum levels during the 
fourth or fifth week, and may decline some- 
what during the seventh or eighth week. 
There is a positive correlation between the 
frequency with which agglutinins against 
streptococcus MG develop and the severity 
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of the disease, and also there is a similar 
correlation between the height of the titer 
and the duration of the illness (Curnen et 
al., 1945). 

Present evidence indicates that the sero- 
logic reactions obtained with the micro- 
organism are caused by specific antibodies 
against it. Positive results were obtained 
with convalescent sera in agglutination tests 
with either the encapsulated streptococcus 
or nonencapsulated R variants; in precipi- 
tation tests with the capsular polysaccha- 
ride; and in capsular swelling tests with the 
micro-organism. In addition, positive skin 
reactions were obtained on intradermal in- 
jection of the capsular polysaccharide dur- 
ing convalescence (Thomas et al., 1945). 
Antibodies against streptococcus MG are 
distinct and different from the serum com- 
ponents responsible for cold-hemagglutina- 
tion and nonspecific complement. fixation 
(Thomas et al., 1943a); they can be re- 
moved from serum by appropriate absorp- 
tion without altering the other reactions. 
There appear to be three possible explana- 
tions for the serologic findings obtained 
with streptococcus MG. First, they may be 
due to a coincidental, immunologic relation- 
ship between the bacterium and some other 
infectious agent. Second, they may be 
caused by the effects of secondary invasion 
by the micro-organism, Third, they may be 
the result of a so-called complex or double 
infection initiated by both the streptococcus 
and some other infectious agent, presumably 
a virus. 


DIAGNOSIS 


To a large extent the diagnosis is one of 
exclusion and it is often necessary to ac- 
cumulate considerable clinical, X-ray and 
laboratory data before the probability of 
error becomes small. The more common 
clinical features are the following: gradual 
onset, remittent fever which is seldom high, 
pulse rate which is slow relative to the fever, 
normal respiratory rate, cough, 


slight or 
absent physical signs 


of pneumonia, and 
definite X-ray evidence of pneumonia, Per- 
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tinent laboratory findings are the following : 
normal leukocyte count, the usual array of 
bacterial species in the upper respiratory 
tract, and a sterile blood culture. Two labo- 
ratory procedures are of aid in reaching a 
positive diagnosis: (1) cold-hemagglutina- 
tion test, and (2) streptococcus MG agglu- 
tination test. Both are best carried out with 
serum specimens obtained at weekly inter- 
vals during the course of the disease. If 
either or both serologic tests are positive, 
and especially if a significant increase in 
either agglutination titer is demonstrable 
some weeks after onset, there is a high 
probability that the diagnosis is correct. If 
both tests are negative, it may be very diffi- 
cult to establish a diagnosis. 

A number of viral and rickettsial diseases 
may present similar or even identical clini- 
cal pictures. These diseases are the follow- 
ing: psittacosis (ornithosis), Q fever (Rick- 
ettsia burneti pneumonia), influenza A, 
influenza B and lymphocytic choriomenin- 
gitis. In children pneumonia associated with 
measles or whooping cough may present an 
analogous picture. Pneumococcal as well as 
other bacterial pneumonias may present 
clinical manifestations which are indistin- 
guishable from those of primary atypical 
pneumonia, At times pulmonary tubercu- 
losis, tularemia, coccidiomycosis, or toxo- 
plasmosis may closely simulate the disease. 


TREATMENT 


Supportive and symptomatic treatment 
similar to that used in other forms of pneu- 
monia may be helpful. None of the sulfona- 
mide drugs, even in large doses, appears to 
exert a favorable influence. Similarly, peni- 
cillin in large dosages has not been found 
to be beneficial. Convalescent human serum 


has been tried but has not produced an ob- 
vious effect. 


EPIDEMIOLOGY 


The disease is of widespread prevalence 
and, although it usually occurs in endemic 
form, small epidemics have been described. 
Epidemics have not been characterized by 
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explosive outbreaks, and attack rates have 
not been high. Usually they have occurred 
among persons living under crowded or 
semicrowded conditions, e.g., in school dor- 
mitories, military camps, etc. The incidence 
in the general population is not known. 
Among armed force personnel during World 
War II the incidence was greater than that 
of all other forms of pneumonia and ap- 
peared to be directly related to the total in- 
cidence of respiratory disease; when colds 
and other undifferentiated respiratory in- 
fections were prevalent, the condition 
occurred more commonly (Commission on 
Acute Respiratory Diseases, 1944). The 
disease occurs in all seasons but is more 
common during cold weather. The disease 
occurs more commonly in the north tem- 
perate zone than elsewhere; it is not 
common in the tropics. Sex, age, color or 
race differences in incidence are not 
marked. The infection is not very conta- 
gious but apparently it can be directly trans- 
mitted from one person to another ; usually, 
however, there is no evident contact be- 
tween cases. The results of studies in human 
volunteers (Commission on Acute Respira- 
tory Diseases, 1946) suggest that the infec- 
tion may be transmitted by oral or nasal 
discharges of patients and that the portal 
of entry is the upper respiratory tract. 
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There is no evidence that the infection is 
transmitted indirectly by food, water or 
insect vectors. Nothing is known of the 
duration of the period of communicability. 
There is very little evidence concerning 
relative susceptibility or resistance to infec- 
tion, In transmission experiments in human 
volunteers the Commission on Acute Res- 
piratory Disease (1946) found that the 
disease developed in approximately 25 per 
cent of men inoculated with material from 
patients. The degree and the duration of 
natural exposure to patients appear to be 
directly related to the frequency with which 
infection develops; among nurses, physi- 
cians and other hospital personnel the inci- 
dence has been considerably higher than 
among persons not closely associated with 
patients. Second attacks, separated by pe- 
riods of well-being from the first attack, 
have been occasionally observed. It appears, 
therefore, that the disease is not always 
followed by the development of persistent 
immunity against reinfection. 


CONTROL MEASURES 


No procedure has been shown to affect 
significantly the incidence of the disease. 
No specific prophylactic measure is avail- 
able. The isolation of patients may be help- 
ful. 
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Influenza 


(Synonyms: La grippe, grip, febrile catarrh, catarrhal fever, 
acute nasopharyngitis, epidemic catarrh, epidemic influenza ) 


INTRODUCTION 


Influenza is an acute, self-limited, infec- 
tious disease of man which is caused by a 
virus of the influenza group. The illness is 
characterized by symptoms which are pre- 
dominantly constitutional, although the in- 
fection is limited to the respiratory tract. It 
tends to occur in epidemic forms, Two 
specific and distinct etiologic types of the 
disease are now recognized: one, termed 
influenza A, is caused by infection with 
influenza A virus; the other, termed in- 
fluenza B, is caused by infection with influ- 
enza B virus (Horsfall et al., 1940b). The 
cause of pandemics of influenza has not 
been established. 


HISTORY 


The disease was recognized and described 
in ancient times. Numerous, extensive epi- 
demics occurred during the past four cen- 
turies in various parts of the world. Great 
pandemics which affected persons in all 
inhabited areas of the globe have been re- 
corded; of these, the greatest was the pan- 
demic of 1918-1919 which, it is estimated, 
resulted in the death of some 20 million 
persons. Despite a number of prior claims 
that the cause of influenza had been dis- 
covered, modern knowledge of the causal 
agents begins with the studies of Smith, 
Andrewes and Laidlaw (1933), who first 


recovered influenza A virus from throat- 
washings of patients and showed that neu- 
tralizing antibodies against the virus de- 
veloped during convalescence from the 
disease. Their findings were confirmed and 
extended by numerous workers in various 
parts of the world. Smith and Stuart-Harris 
(1936) showed that, following passage in 
experimental animals, the virus retained its 
capacity to induce an attack of influenza in 
man. Similar results were obtained by other 
workers with human volunteers in various 
countries, It is now generally accepted that 
influenza A virus is the infectious agent 
primarily responsible for one etiologic type 
of influenza, ie., influenza <A, Francis 
(1940) and Magill (1940) independently 
recovered influenza B virus from  throat- 
washings of patients and showed that spe- 
cific antibodies against the virus developed 
during convalescence from the illness, Such 
patients, however, did not develop anti- 
bodies against influenza A virus. Similarly, 
patients with influenza A did not develop 
antibodies against influenza b virus. Their 
findings have been confirmed repeatedly 
and extended by various studies in a num- 
ber of different countries. Francis et al. 
(1944) showed that, following passage in 
experimental animals, influenza B virus re- 
tained its capacity to induce an attack of 
influenza in man. It is now generally con- 
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ceded that influenza B virus is the in- 
fectious agent primarily responsible for the 
second etiologic type of influenza, i.e., in- 
fluenza B, 


CLINICAL’ PICTURE 


The incubation is short, usually one or 
two days. The onset is commonly abrupt. 
The first and most frequent symptoms are 
usually chills or chilliness, fever, anorexia, 
headache, malaise, lassitude and muscular 
pains or aches. Prostration in varying de- 
grees usually develops. Nausea, occasion- 
ally associated with vomiting, may occur. 
Constitutional symptoms are more promi- 
nent that symptoms referable to the re- 
spiratory tract, although sneezing, nasal 
irritation and discharge as well as sensa- 
tions of fullness or irritation in the naso- 
pharynx, the larynx or the trachea often 
occur. Hoarseness may develop, Coughing 
is very common but usually is not produc- 
tive of sputum. Substernal pain may occur. 
The pulse rate increases usually in propor- 
tion to the increase in temperature. The 
respiratory rate is normal or only slightly 
increased, and the physical signs are ordi- 
narily neither’ definite nor striking, The 


Skin, especially the face, may appear 
flushed. The conjunctivae are sometimes 


injected, and occasionally there is increased 
lacrimation, The nasal mucosa is usually 
somewhat injected and slightly or mildly 
swollen. Epistaxis may occur. The faucial 
pillars, the soft palate and the posterior 
pharyngeal wall may be mildly injected, 
and the lymphoid tissue may become promi- 
nent. There are no characteristic abnormal 
physical findings relative to the lower re- 
spiratory tract, Fine, moist rales may be 
heard over the lower lobes posteriorly, but, 
except during pandemics, signs of pulmo- 
nary consolidation occur only in rare in- 
stances, The course varies widely. Fever is 
commonly remittent and persists from 1 to 
6 days, usually 2 or 3. The maximum 
temperature ranges from 100° to 105 
regularly from 101° to 103° FP. In general, 
the temperature is highest on the first day 
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of disease. The leukocyte count is, on the 
average, within normal limits. However, 
leukopenia, usually only of moderate de- 
gree, may be found in patients with high 
fever and marked symptoms. The differ- 
ential leukocyte pattern is generally normal. 
The erythrocyte sedimentation rate is in- 
creased. Cultures of the blood are sterile. 
The urine is usually normal, although slight 
albuminuria may occur. X-ray pictures of 
the chest show, in the great majority of 
patients, no evidence of pneumonia, Con- 
valescence is usually uneventful and fairly 
rapid, although patients who have severe 
infections may show marked prostration, 
abnormal sweating or easy fatigability for 
some days after the temperature returns to 
normal, Complications are rare, except dur- 
ing a pandemic, and almost all patients 
with the common epidemic form of the dis- 
ease recover completely. Influenza A may 
tend to cause somewhat more marked and 
slightly more definite Symptoms than in- 
fluenza B, but there are no clinical signs 
which serve to differentiate one infection 
from the other, 

During the pandemic of 1918-1919, the 
disease was much more severe than it has 
been at any time since, Pneumonia devel- 
oped in a large number of patients and 
probably was responsible for most of the 
deaths which occurred. Many patients first 
showed evidence of pneumonia from 2 to 4 
days after the onset of the disease. In other 
patients signs of pneumonia did not develop 
until the acute phase of the initial infection 
had passed. In some instances fulminating 
infections, which ran an extremely rapid 
course, occurred and usually were fatal. 
Some patients died within a day or two 
after the onset of pneumonia, rarely in a 
few hours. In almost every instance, the 
occurrence of pneumonia was attributable 
to bacterial infection. A wide variety of 
bacterial species was associated with the 
pulmonary infections: most important were 
staphylococci, hemolytic Streptococci, H. 
influenzae and pneumococci. In numerous in- 
stances more than one bacterial species was 
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isolated from the pneumonic lung, Infec- 
tion of the pleura and empyema were 
commonly associated with £8 hemolytic 
streptococcal or pneumococcal pneumonia. 
Abscesses of the lung sometimes developed 
when staphylococci or 8 hemolytic strepto- 
cocci were present. Bronchiectasis, chronic 
bronchitis and pulmonary fibrosis were 
common sequelae, It should be emphasized 
that during recent years, with the exception 
of a small number of cases of associated 
staphylococcal pneumonia, patients with 
either influenza A or influenza B have very 
rarely developed serious complications. 


PATHOLOGIC PICTURE 

Since the discovery of influenza A virus 
in 1933, there have appeared very few re- 
ports of pathologic studies on uncompli- 
cated cases of influenza in man, Extensive 
and detailed studies were carried out during 
the pandemic of 1918-1919, but in almost 
every instance numerous bacteria were 
present in the lungs, and consequently the 
pathologic alterations may have been partly 
or largely attributable to the results of bac- 
terial infection, Goodpasture (1919) de- 
scribed a pulmonary lesion which he con- 
sidered to be peculiar to influenza and 
demonstrated its presence not only in pneu- 
monic lesions associated with bacteria but 
also in the lungs of two fatal cases in which 
no micro-organisms could be demonstrated. 
The lesion, which consisted of dilated al- 
veolar ducts, with a hyaline membrane par- 
tially or completely covering their walls and 
those of adjacent alveoli, was described also 
by other workers and apparently was found 
with great constancy during the pandemic. 
Winternitz et al. (1920) found that lesions 
in the respiratory tract were responsible for 
the high mortality during the pandemic of 
1918-1919, The lesions most frequently 
found, and those considered to be peculiar 
to the disease, were: acute tracheobronchitis 
associated with diffuse involvement of the 
pulmonary parenchyma ; hyalinization of 
the epithelium of the air passages, and ne- 
crosis of the alveolar walls ; dilatation of the 
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terminal bronchioles; necrotizing and_ or- 
ganizing bronchiolitis with lobar, lobular, 
peribronchial or interstitial pneumonia; 
proliferation of alveolar and bronchial 
epithelium, They concluded that the respir- 
atory lesions were dependent primarily 
upon the damage produced by the true but 
unknown etiologic agent, and only second- 
arily upon invasion by bacteria. 

Scadding (1937) the lung 
changes which were found in patients who 
died during an epidemic which occurred in 
1936-1937. Influenza A virus was recovered 
from 3 patients, and from the lung of 1 
fatal case in which Staphylococcus aureus 
also was present in large numbers. There 
was tracheal and bronchial inflammation 
and marked epithelial desquamation with 
evidence of epithelial necrosis. The inter- 
stitial tissues showed some inflammatory 
reaction, and there was necrosis of the al- 
veolar walls associated with hemorrhage. 
Extensive bronchopneumonia or interstitial 
pneumonia was also present. It was con- 
cluded that the difference between the find- 
ings in these cases and those studied during 
the pandemic was one of degree rather than 
kind. So far as is known, no reports have 
appeared of pathologic studies on biopsy- 
material from patients with nonfatal, 
proven, influenza virus infection nor are 


described 


there available reports of similar studies on 
patients who died of causes unrelated to the 
disease during an acute attack. Relatively 
little is known of the pathologic picture of 
uncomplicated influenza virus infection in 
man, but numerous, careful and detailed 
studies have been carried out with animals. 

Francis and Stuart-Harris (1938) studied 
the nasal histology of influenza A virus in- 
fection in the ferret and showed that during 
the acute stage the respiratory epithelium 
of the nasal mucous membrane undergoes 
necrosis with desquamation of the super- 
ficial cells and exudation into the air pas- 
sages. An inflammatory reaction occurs in 
the submucosa. Repair begins on the fourth 
day after infection, and from the sixth to the 
fourteenth day the respiratory area is COV- 
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ered successively by transitional, stratified 
squamous, and finally stratified columnar 
epithelium, By the twenty-first day the epi- 
thelium has been largely restored to normal, 
but repair in the submucosa and cartilage is 
still in progress. The respiratory mucosa is 
normal in structure a month after infection. 

Brightman (1936) studied the pulmonary 
lesions in ferrets infected with influenza A 
virus. In animals of the first passage there 
are no pulmonary lesions, but they develop 
in the second or third passage and there- 
after tend to occur regularly, The lesions 
are patchy or confluent areas of consolida- 
tion which are reddish-purple in color. 
Microscopically the lesions are chiefly peri- 
bronchial. The bronchial walls, peribron- 
chial tissue and neighboring alveoli are 
infiltrated with large and small, round mono- 
nuclear cells. The alveolar capillaries are 
congested. In most areas the bronchial 
epithelium is intact, in others desquamated. 
The bronchial and bronchiolar lumina con- 
tain a small amount of exudate consisting of 
polymorphonuclear cells, erythrocytes, fi- 
brin and cellular debris. 

Straub (1937) found that in mice the 
primary lesion caused by infection with in- 
fluenza A virus is necrobiosis and fibrinoid 
necrosis of the epithelium of the respiratory 
and terminal bronchioles, leading to com- 
plete epithelial desquamation, Secondarily, 
there occur dilatation of the bronchioles and 
collapse of the alveoli, with edema and 
hyperemia, Polymorphonuclear exudation is 
not a typical feature. The healing process is 
characterized — by widespread _ epithelial 
proliferation, In contrast to what occurs in 
man and in the ferret, the infection in the 
mouse is limited to the lower respiratory 
tract; the nasal mucosa remains normal, 

In the chick embryo the lesions are in- 
fluenced by a number of factors among 
which the following are important: the 
strain of virus employed ; the age of the em- 
bryo; the route of inoculation; the dura- 
tion of the infection. Most Strains of in- 
fluenza virus which have not been passed 
numerous times in the chick embryo fail to 
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cause the development of characteristic 
lesions. Certain strains following multiple 
embryo passages acquire the capacity to 
cause the development of distinct focal 
lesions when inoculated on the chorio- 
allantoic membrane and may induce fatal 
hemorrhagic infections of the embryo 
(Beveridge and Burnet, 1946). Following 
amniotic inoculation, the embryo lung may 
appear slightly swollen and paler than 
normal, Inoculation into the yolk sac does 
not cause the development of specific 
lesions. Most strains of virus cause only 
slight pathologic change in the chick embryo 
following allantoic inoculation, The allan- 
toic fluid may become slightly turbid due 
to the presence of desquamated cells, but 
infected embryos may appear normal and 
may even be able to hatch, Strains which 
have been passed many times usually kill 
the embryo in from 2 to 4 days, but such 
lesions as are present are not characteristic 
of infection with influenza viruses. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


Smith, Andrewes and Laidlaw (1933) first 
showed that ferrets are Susceptible to in- 
fection with influenza viruses following in- 
tranasal inoculation. Subsequently they 
demonstrated that the infection can be 
transmitted by contact between uninfected 
and infected ferrets but that all methods of 
inoculation other than the intranasal are 
innocuous, Ferrets infected with influenza 
A virus often show fever and characteristic 
symptoms which begin from 1 to 3, occa- 
sionally not until 4 or 5, days following 
inoculation. The fever frequently is diphasic 
in character and is accompanied by symp- 
toms such as sneezing, yawning, nasal dis- 
charge and obstruction which results from 
inflammation of the turbinates and para- 
nasal sinuses, The fur may become ruffled 
or matted, the appetite is diminished or 
absent, and muscular weakness may de- 
velop. With numerous freshly recovered 
Strains of influenza A virus, as with most 
Strains of influenza B virus, the signs and 
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symptoms of infection in the ferret are not 
sufficiently striking or definite to be diagnos- 
tic, and it is necessary to carry out serial 
passages or immunologic tests to identify 
the virus specifically. The virus remains 
localized in the tissues of the respiratory 
tract and apparently is incapable of multi- 
plying in any other tissue in the ferret. The 
nasal mucosa and turbinates are rich sources 
of virus; likewise, following serial passage, 
the lung contains much virus, especially if 
pulmonary consolidation is present. Virus 
titer is highest in infected tissues of the 
respiratory tract from 2 to 5 days after 
inoculation; with some strains of influenza 
A virus, titers of 10°° or more may be 
reached (Francis, 1939). Usually it is not 
possible to recover virus from infected ferret 
tissues later than the first week after inocu- 
lation, probably because of the rapid de- 
velopment of neutralizing antibodies in the 
blood. Following infection with most strains 
of virus, ferrets recover promptly and de- 
velop immunity to reinfection with the 
same or closely related strains. However, 
animals immune to infection with influenza 
A virus are not immune to influenza B virus 
and vice versa (Sugg and Magill, 1947). 
Specific immunity perists for 1 to 2 months 
and thereafter gradually diminishes; 6 to 
12 months after infection most ferrets are 
susceptible to reinfection. Neutralizing anti- 
bodies against the virus appear in the blood 
of infected ferrets from 5 to 7 days after 
inoculation (Horsfall and Lennette, 1940), 
reach maximal titers in 2 or 3 weeks, and 
decline progressively after 2 months, Spe- 
cific evidence of infection in the ferret is 
most readily obtained by carrying out sero- 
logic tests for the presence of antibodies 
against the virus 2 or 3 weeks following 
inoculation, Excepting only the chick em- 
bryo, the ferret is as susceptible to infec- 
tion with influenza viruses as any other 
animal species. Despite their high degree 
of susceptibility, ferrets have the following 
disadvantages as experimental hosts: they 
are difficult to raise and handle; they are 
very susceptible to spontaneous infection 


with distemper viruses; they readily con- 
tract contact infection with influenza 
viruses and consequently should be kept 
under conditions of strict isolation, 

Andrewes, Laidlaw and Smith (1934) as 
well as Francis (1934) showed that mice 
are susceptible to infection with influenza 
viruses. Mice lightly anesthetized with ether 
are inoculated by the intranasal route. 
Other routes of inoculation usually fail to 
induce infection, However, transthoracic 
injection directly into the lung has been 
successful (Andrewes, Laidlaw and Smith, 
1934), large doses given intraperitoneally 
or intravenously can cause infection of the 
lung (Rickard and Francis, 1938), and, by 
means of serial intracerebral passage, cer- 
tain strains have been caused to multiply 
in the brain (Stuart-Harris, 1939). Follow- 
ing intranasal inoculation, the virus multi- 
plies in the lung and remains localized in the 
lower respiratory tract. Freshly recovered 
strains usually fail to cause lung lesions, 
but when serial lung passages are carried 
out, pneumonia commonly is induced ; from 
2 to 8 or more passages may be required be- 
fore pulmonary consolidation develops. 

It is possible but difficult and_ time- 
consuming to recover the virus directly in 
mice from human beings (Francis and 
Magill, 1937). Following serial lung pas- 
sages, many strains cause fatal pneumonia 
in the mouse ; dependent somewhat upon the 
strain employed and the amount of virus 
given, mice die from 3 days to 2 weeks 
after inoculation (Horsfall, 1939). Mice 
with definite pneumonia usually appear ill 
and eat less than normally; their fur is 
ruffled, and they may show cyanosis of the 
ears and tail: their breathing 1s labored, 
and they tend to huddle together. Mice 
which die of influenza virus pneumonia al- 
most invariably have widespread lung 
lesions, the entire lung generally showing 
the presence of consolidation. Following 
intranasal inoculation the virus multiplies 
very rapidly in the lung of the mouse; with 
large doses, maximal titers are reached 
within 24 hours and remain constant until 
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the death of the animals; with sublethal 
doses, somewhat lower maximal titers de- 
velop within 48 hours, remain constant dur- 
ing the first week and then progressively 
decline (Taylor, 1941). With certain strains 
of influenza A virus, titers of 10~-® or 10-7 
are attained commonly whereas with strains 
of influenza B virus, titers higher than 10-4 
or 10° are unusual, With some strains of 
influenza A virus, contact transmission 
from infected to normal mice has been ob- 
tained (Eaton, 1940). Mice which recover 
from pulmonary infection are immune for 
2 or 3 months to reinfection with the same 
or Closely related strains (Andrewes and 
Smith, 1937), but animals immune to rein- 
fection with influenza A virus are not im- 
mune to influenza B virus and vice versa. 
Subcutaneous or intraperitoneal injection 
of virus, either active or inactivated by one 
of a variety of procedures, results in the 
development of immunity in mice. 

Both the European hamster (Cricetus 
cricetus) and the Syrian hamster (Cricetus 
auratus) are susceptible on intranasal 
inoculation (Taylor, 1940) and may be em- 
ployed for the direct recovery of virus from 
human beings. Freshly recovered strains 
cause no symptoms in hamsters but stimu- 
late the production of specific antibodies. 
Following serial lung passages, fatal pneu- 
monia may be induced in the hamster. 
Hedgehogs, cotton rats, white rats, guinea 
pigs, mink, squirrels, chipmunks, swine and 
monkeys, all are more or less Susceptible to 
inapparent infection upon intranasal inocu- 
lation, 

Smith (1935) first successfully employed 
the chick embryo for the propagation of 
influenza viruses and showed that multipli- 
cation occurs in the chorio-allantoic mem- 
brane. In recent years the chick embryo has 
become increasingly important in investi- 
gations of influenza because of its uniform 
and extremely high susceptibility to infec- 
tion, the concentration of virus which is 
present in the relatively cell-free, extra- 
embryonic fluids, and the Capacity of such 
fluids to cause agglutination of chicken red 
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blood cells. Chick embryos can be infected 
by almost any route of inoculation. For 
direct recovery of the virus from human 
beings, inoculation into the amniotic sac 
(Burnet, 1940) is most successful; follow- 
ing one or more passages in the embryo, 
inoculation into the allantoic sac (Nigg et 
al., 1940) usually leads to infections, as 
also does inoculation into the yolk sac or 
the embryo itself. When amniotic inocula- 
tion is employed for the direct recovery of 
influenza viruses from throat-washings, em- 
bryos from 13 to 14 days old are used as 
they are more susceptible than younger 
embryos (Beveridge and Burnet, 1946). 
Unfiltered throat-washings, to which chemo- 
therapeutic agents (sulfonamides, peni- 
cillin, or both) have been added, give the 
highest proportion of successful recoveries 
of virus. Maximal virus titers are ob- 
tained in the amniotic fluid from 2 to 4 
days after inoculation, The presence of 
virus in infected fluid is most readily 
demonstrated by the agglutination reac- 
tion with chicken erythrocytes (Hirst, 
1941). Usually virus can be demonstrated in 
fluid from the first passage embryos, but 
occasionally not until a second passage has 
been carried out. Serial passage is fruitless 
if the second amniotic passage is negative 
and it may incur the risk of accidental virus 
infection of the embryo. Recovery of in- 
fluenza viruses by inoculation into the amni- 
otic sac appears to be the most sensitive of 
known methods (Hirst, 1945). Inoculation 
into the allantoic sac is technically much 
simpler than inoculation into the amniotic 
sac and most strains multiply readily in the 
allantoic sac after one or more passages by 
the amniotic route, For allantoic inocula- 
tion, embryos from 9 to 12, preferably 10, 
days old are employed. Maximal virus titers 
are obtained in the allantoic fluid in from 
24 to 72 hours, depending somewhat upon 
the strain and the amount of virus inocu- 
lated. Material containing approximately 10 
virus particles can initiate infection of the 
allantoic sac (Friedewald and Pickels, 
1944). Most strains do not cause death of 
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the embryo but those which have been 
passed many times may acquire the ca- 
pacity to kill embryos in less than two days. 
Infected allantoic fluids almost invariably 
cause agglutination of chicken erythrocytes 
(Hirst, 1942a), and the concentration of 
virus is directly proportional to the hemag- 
glutination titer. With strains of influenza A 
virus, infected allantoic fluids often give 
virus titers of 10-5 or 10°, whereas with 
strains of influenza B virus, titers higher 
than 10°* or 10-8 are unusual. In the 
presence of chicken erythrocytes, infected 
allantoic fluids give hemagglutination titers 
ranging from less than 1:100 to more than 
1:10,000, depending upon the concentration 
of red cells used and the technic employed. 
Details of the hemagglutination procedure 
are given in the chapter on serologic and 
immunologic technics, 

Inoculation into the yolk sac, because of 
the simplicity of the procedure, is useful for 
those not familiar with chick embryo tech- 
nics, Embryos from 3 to 6 days old are 
employed, and 1.0 cc. or more of fluid may 
be injected, With freshly recovered strains, 
embryos usually do not die until from 4 to 
8 days after inoculation; following pro- 
longed serial passage virus strains may ac- 
quire the capacity to kill embryos in 1 or 
2 days. To initiate infection in the yolk 
sac, considerably more virus is required in 
the inoculum than is necessary when the 
amniotic or allantoic route is employed. The 
presence of virus may be determined by the 
hemagglutination reaction as following in- 
oculation by other routes. Although the 
chorio-allantoic membrane technic was the 
first successful procedure for the propaga- 
tion of influenza viruses in the chick embryo 
and provided important information (Bev- 
eridge and Burnet, 1946), it is now little 
used, 

Francis and Magill (1935) and Smith 
(1935) developed technics for the cultiva- 
tion of influenza viruses in cultures of 
chick-embryo tissue. Minced embryo tissue 
suspended in Tyrode’s solution (Li and 
Rivers’ medium) is employed. After inocu- 
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lation, cultures are incubated for 2 days. 
Maximal virus titers obtained in such cul- 
tures seldom are higher than 10°* or 10-4. 
Virus strains have been maintained in tissue 
culture medium for long periods, in one 
instance for more than 700 transfers 
(Francis, 1947), and retained their patho- 
genicity for mice and ferrets, Minced em- 
bryo tissue on nutrient agar or in so-called 
roller tubes also supports virus multiplica- 
tion, and titers are obtained which are 
comparable to those obtained following in- 
oculation into the allantoic sac. 

Intranasal inoculation of either type of 
virus leads to the development of the dis- 
ease in man (Smorodintseff et al., 1937; 
Francis et al., 1944). However, subcuta- 
neous or intramuscular injection of a fully 
active virus does not cause illness in human 
beings. In successful attempts to transmit 
the disease experimentally in human volun- 
teers, relatively large amounts of virus were 
given, The experimentally induced illness 
tends to be somewhat milder than the natu- 
ral disease but in other respects does not 
differ significantly. 

ETIOLOGY 

The causal agents of influenza are viruses 
of medium size. At the present time the 
group is divided into two distinct and im- 
munologically unrelated types 
termed influenza A virus and influenza B 
virus, respectively (Horsfall et al., 1940b). 
No further serologic types have been identi- 
fied. Each of the two known types is repre- 
sented by numerous different strains which 
are in many respects similar but may differ 
one from another as regards certain prop- 
erties. Of chief importance is the fact that 
individual strains of influenza A virus or of 
influenza B virus may be not identical im- 
munologically with other strains of the 
same serologic type (Magill and Francis, 
1936; Gordon, 1942). Indeed, in occasional 
instances the immunologic differences be- 
tween individual strains which belong to 
one type are so great as to cause consider- 
able difficulty in the proper identification 
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and classification of a strain. Strains of 
influenza A virus do not possess, so far as 
is known, any antigenic components what- 
soever in common with strains of influenza 
B virus; animals either actively or pas- 
sively highly immune to A strains are fully 
susceptible to infection with B strains and 
vice versa; hyperimmune sera which con- 
tain, in very high titer, antibodies against 
A strains fail to give specific antiviral re- 
actions in neutralization, hemagglutination- 
inhibition or complement-fixation tests with 
B strains and vice versa. With the excep- 
tion of swine influenza virus which is im- 
munologically related to, although different 
from, a number of strains of influenza A 
virus (Magill and Francis, 1938), no other 
virus has been shown to possess antigens in 
common with the influenza group. 
Strains of both serologic types possess in 
common the following properties: they are 
pathogenic for the same animal species, i.e., 
they have identical host ranges ; they induce 
infections in susceptible hosts, the patho- 
logic manifestations of which are indistin- 
guishable; they multiply rapidly in the 
presence of susceptible cells ; they are highly 
antigenic and rapidly induce the develop- 
ment of specific active immunity in sus- 
ceptible mammalian hosts as well as rapidly 
stimulate the production of specific anti- 
bodies in both susceptible and_ resistant 
mammalian species; they show identical 
reactions with homologous antibodies in 
various serologic tests: they are resistant 
to the action of enzymes but are readily 
inactivated by radiation and a wide variety 
of chemical reagents: they combine with, 
agglutinate and dissociate from the erythro- 
cytes of a number of animal species ; they 
possess toxic properties : they produce re- 
ciprocal interference with heterologous 
strains; their infectivity is intimately asso- 
ciated with and apparently cannot be sepa- 
rated from spherical or nearly spherical 
particles which show no definite structural 
differentiation. Identification of strains of 
influenza A virus from strains of influenza B 
virus is entirely dependent upon immuno- 
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logic procedures (Francis, 1940; Magill, 
1940). However, there is evidence that the 
virus particles of certain B strains are 
slightly larger than those of certain A 
Strains (Friedewald and Pickels, 1944; 
Sharp et al., 1944). Should this difference 
in size between the two serologic types be 
found to be constant for various strains, it 
would constitute strong evidence for a fun- 
damental structural difference in the two 
types. 

The influenza viruses are discrete parti- 
cles of relatively uniform size and shape; 
they are spherical or nearly spherical with 
diameters of the order of 100 mu. Recent 
values for the diameter of the hydrated 
virus particle of the PR8 strain of influ- 
enza A range from 80 to 100 mu (Friede- 
wald and Pickels, 1944: Lauffer and Stanley, 
1944). Values for the diameter of the virus 
particle of the Lee strain of influenza B 
vary from 85 to 100 mu (Friedewald and 
Pickels, 1944: Sharp et al., 1944). When 
A and B strains were compared under iden- 
tical experimental conditions, it was found 
that the particles of B strains were some- 
what larger than those of A strains ( Friede- 
wald and Pickels, 1944; Sharp et al., 1944) - 
the difference is of the order of 10 per cent, 
a magnitude which is probably significant. 
The various biologic properties of the vi- 
ruses, i.e., infectivity, antigenicity, hemag- 
glutination capacity, and complement-fix- 
ing activity, are intimately associated with 
the particles (Friedewald and _ Pickels, 
1944; Lauffer and Miller, 1944) and, with 
the exception of the soluble complement- 
fixing antigen, cannot be Separated from 
them, Although highly purified preparations 
of the viruses have been prepared, it has 
not been possible to obtain virus entirely 
free of extraneous materials. As a conse- 
quence, the chemical constituents of the 
virus particle are not precisely known. 
Purified preparations contain protein, both 
ribonucleic and desoxyribonucleic acids, 
lipids, carbohydrates (1.e., polysaccharides 
composed of mannose, galactose and gluco- 
samine units) and water (as much as 60 per 
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cent by weight) (Knight, 1947). By means 
of both serologic and chemical studies, 
Knight (1946, 1947) showed that highly 
purified preparations contained, in appre- 
ciable concentration, antigens characteristic 
of the host from which the preparations 
were derived; preparations obtained from 
allantoic fluid contained antigens character- 
istic of normal allantoic fluid, while prepa- 
rations obtained from mouse lungs con- 
tained antigens characteristic of normal 
mouse lungs. The hypothesis was advanced 
(Knight, 1946) that the virus particles 
themselves might contain a component 
characteristic of each kind of host from 
which the virus is obtained. Simpler ex- 
planations might be offered: the concentra- 
tion of normal tissue antigen may merely 
reflect the degree to which the preparations 
are contaminated by host tissue; the virus 
particle may combine with and remain fixed 
to host tissue components as do certain 
other virus particles (Curnen and Hors- 
fall, 1946). 

Maximum stability for the biologic prop- 
erties of the viruses is obtained between 
pH 6.5 and 7.9, depending somewhat upon 
the strain and the experimental conditions ; 
loss of biologic properties occurs much more 
rapidly on the acid than on the alkaline 
side of optimum pH conditions (Miller, 
1944), The isoelectric point for the PRS 
strain is pH 5.3 (Miller et al., 1944). The 
density of the hydrated particles is about 
1.1, the anhydrous specific volume is about 
0.79, and the intrinsic viscosities of highly 
purified preparations range between 11.3 
and 16.5 (Lauffer and Stanley, 1944). In- 
fected allantoic fluid contains approximately 
0.01 per cent virus or about 2 x 10!” virus 
particles per cc, (Friedewald and Pickels, 
1944), Infectivity is lost following heating 
at 56° C. for a few minutes; irradiation 
with ultraviolet light, treatment with for- 
maldehyde or numerous other reagents also 
cause loss of infectivity. The infectious titer 
of suspensions decreases in a few hours at 
room temperature but it is little affected by 
storage at 4° C. for a week; purified prepa- 
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rations properly buffered may be held at 
4° C. for a month without showing any 
marked reduction in titer (Miller, 1944). 
Suspensions stored at —76° C. for more 
than 5 months show no diminution in in- 
fectious titer (Horsfall, 1939) ; if stored in 
sealed glass ampoules, the virus can be kept 
indefinitely at this temperature. 

Influenza viruses were the first, among a 
number of animal viruses, to be shown to 
possess the peculiar capacity to cause ag- 
glutination of red blood cells (Hirst, 1941). 
Hemagglutination is the result of the inter- 
action of the virus particles themselves and 
erythrocytes: the first step is adsorption of 
virus by red blood cells; the second is the 
agglutination of red cell-virus aggregates ; 
the third is the spontaneous dissociation of 
virus from red cells (Hirst, 1942c). Eryth- 
rocytes from at least 22 different animal 
species, including mammals, birds, reptiles 
and amphibians, are agglutinated by the vi- 
ruses, Chicken red cells are most satisfac- 
tory, and the only mammalian cells which 
are useful are human and guinea pig eryth- 
rocytes (Clark and Nagler, 1943). With 
only one exception, all infective prepara- 
tions of the viruses cause hemagglutination 
in a titer proportional to the infectivity 
titer (Hirst, 1942a) ; suspensions of infected 
ferret lung do not cause hemagglutination, 
no matter how much virus they contain. 
The exceptional finding with ferret lung 
virus is explained by the presence of a non- 
specific inhibitor, since the addition of sus- 
pensions of the normal ferret lung to virus 
preparations with high hemagglutination 
titers abolishes the reaction. Between 10° 
and 10° virus particles are required to 
cause hemagglutination under standard con- 
ditions, consequently the hemagglutination 
titer is much lower than the infectivity titer. 
The ratio between the number of erythro- 
cytes and virus particles at the titration 
endpoint is approximately 1 (Friedewald 
and Pickels, 1944). 

Adsorption of virus by erythrocytes is 
rapid, and both the rate and degree of ad- 
sorption are functions of temperature and 
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the concentration of red cells. With high 
concentrations of virus agglutination of red 
cells occurs in a few minutes; tests are usu- 
ally read at 1 hour. The virus-erythrocyte 
combination undergoes spontaneous disso- 
ciation which, in a few hours, is complete. 
Red cells which have once combined with 
virus and then have been released are not 
capable of adsorbing either homologous or 
heterologous strains a second time and 
therefore do not show agglutination when 
mixed with fresh virus. However, the virus 
itself is apparently unaffected by the reac- 
tion, and, if fresh red cells are added, the 
cycle of adsorption and spontaneous disso- 
ciation can be repeated successively (Hirst, 
1942c). The substance responsible for inter- 
action with the virus is present in the eryth- 
rocyte stroma, is stable on heating, is de- 
stroyed by potassium periodate, and may 
be a carbohydrate (Hirst, personal com- 
munication), Virus inactivated by various 
procedures retains the capacity to combine 
with and dissociate from red cells. How- 
ever, vigorous procedures, i.e., heating at 
60° C., cause loss of the hemagglutination 
property. Virus is also adsorbed and subse- 
quently released spontaneously from the 
cells of the excised normal ferret lung. In 
almost all respects, the interaction between 
virus and the cells of the respiratory tract 
closely resembles that between virus and red 
cells (Hirst, 1943a). Hirst (1942c: 1943a) 
has drawn an analogy between the inter- 
action of enzymes and substrates and the 
interaction between influenza viruses and 
erythrocytes and has suggested that a simi- 
lar mechanism may be an essential pre- 
liminary event to the infection of susceptible 
cells in the living animal. 

When influenza virus and immune serum 
against it are mixed and red cells are then 
added, hemagglutination does not occur. 
Immune serum can be diluted to an extent 
proportional to its virus neutralization titer 
before its capacity to inhibit hemageluti- 
nation by a constant amount of virus is 
exceeded (Hirst, 1942a). This is the basis 
for the hemagglutination-inhibition test for 
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antibodies against the virus which is de- 
scribed in the chapter on serologic and im- 
munologic technics. The hemagglutination-~ 
inhibition test with serum gives both 
qualitative and quantitative data relative to 
the presence of antibodies against the virus 
which are closely similar to data obtained 
by means of the virus neutralization test. 
Normal serum and immune serum against 
other viruses either do not inhibit hemag- 
glutination caused by influenza viruses or 
do so only in low titer due to the presence 
of nonspecific inhibitors (Hirst, 1942a). 
Interference is demonstrable between 
strains of influenza A virus in tissue cul- 
ture (Andrewes, 1942) and between strains 
of the two serologic types in the chick 
embryo and the mouse (Ziegler and Hors- 
fall, 1944). Infection of embryos with very 
small quantities of either serologic type of 
virus leads, in from 8 to 12 hours, to re- 
fractoriness to infection with the other sero- 
logic type. Similarly, the introduction of a 
very large amount of one type causes inter- 
ference with the multiplication of the other 
type, injected simultaneously. The insus- 
ceptibility to infection by A strains which 
is induced by infection with B strains is 
not an absolute effect and may be over- 
come if the inoculum of the A strain is very 
large. Virus rendered completely noninfec- 
tive by ultraviolet radiation is capable of 
causing interference in either the chick em- 
bryo or the mouse (Ziegler et al., 1944: 
Henle and Henle, 1944b). In the mouse, 
interference between A and B strains is 
not demonstrable 2 weeks following  in- 
tranasal infection (unpublished  experi- 
ments of the author); in the ferret, inter- 
ference between the two serologic types is 
not demonstrable 1 week following intra- 
nasal infection (Sugg and Magill, 1947), 
Reciprocal interference between strains of 
influenza A and influenza B viruses in the 
chick embryo is as readily demonstrable 
with noninfective preparations as with ac- 
tive viruses; although when a noninfective 
virus is employed, large inocula are neces- 
Sary to cause interference. A few hours after 
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the establishment of infection in the chick 
embryo, additional multiplication of virus 
is inhibited by the injection of a large 
amount of noninfective virus. Preparations 
which show “auto-interference,” i.e., inter- 
ference caused by noninfectious virus par- 
ticles in a single preparation, can be ob- 
tained by prolonged incubation in the chick 
embryo, prolonged storage at 4° C., heating, 
and ultraviolet radiation (Henle and Henle, 
1944b). The capacity to produce interfer- 
ence is inactivated by ultraviolet radiation 
or by heat at a less rapid rate than is the 
property of infectiousness but at a more 
rapid rate than is the capacity to cause 
hemagglutination. Interference apparently 
is caused by the virus particle itself; the 
property cannot be separated from the virus 
and is specifically neutralized by the homol- 
ogous type antiserum (Ziegler et al., 1944). 
The well-established facts that strains may 
be lost if serial passage is carried out 
with undiluted allantoic fluid and_ that 
higher virus titers are obtained when dilute 
inocula are employed may both be attrib- 
uted to ‘“auto-interference.” It is thought 
(Ziegler et al., 1944) that interference is 
dependent upon the capacity of virus parti- 
cles to react with susceptible cells and that 
when quantitative saturation of such cells 
by virus particles has been achieved, it is 
not possible to establish infection with the 
same or other virus strains, irrespective of 
their serologic type. Interference between 
human influenza viruses and the following 
other viruses has been demonstrated : swine 
influenza virus (Ziegler and Horsfall, 1944), 
yellow fever virus and West Nile virus 
(Lennette and Koprowski, 1946). 

Both A. and B virus strains cause so- 
called toxic reactions following intracere- 
bral, intraperitoneal or intravenous injec- 
tion in mice, rabbits, rats, guinea pigs and 
hamsters (Henle and Henle, 1946a, b). The 
toxic property cannot be separated from the 
infective property ; toxic activity is not the 
result of virus multiplication. Intracerebral 
injection of virus preparations leads to tonic 
and clonic convulsions and death in tetanus, 
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usually within 24 or 72 hours, destruction 
of the ependymal lining of the ventricles 
being the dominant finding. Toxic activity 
is directly correlated with virus concentra- 
tion. Intraperitoneal or intravenous injec- 
tion in mice may cause death in from 8 to 
96 hours. The chief lesions are widespread 
necrosis of the liver and spleen, hemor- 
rhages into the intestines, and pleural exu- 
dation. The toxic effect of influenza A virus 
preparations is neutralized by anti-influenza 
A virus but not by anti-influenza B virus 
serum, and vice versa. Moreover, vaccina- 
tion of mice by either the subcutaneous or 
intraperitoneal route causes them to become 
specifically immune against the toxic effects 
of the same serologic type. The toxic prop- 
erty remains stable on storage at 4° C. for 
2 or 3 months and is inactivated by heating, 
treatment with formaldehyde or irradiation 
with ultraviolet light at a rate slower than 
the infectivity, It is thought that the virus 
particle itself carries the toxic property 
(Henle and Henle, 1946b). 

Influenza A virus can be recovered in a 
large proportion of instances from the 
upper respiratory tract of patients with in- 
fluenza A. Similarly, influenza B virus is 
recoverable from a considerable percentage 
of patients with influenza B, Either type of 
virus may be obtained from throat-washings 
of appropriate patients by intranasal inocu- 
lation of ferrets (Smith, Andrewes and 
Laidlaw, 1933: Francis, 1940), intranasal 
inoculation and serial lung passage in mice 
(Francis and Magill, 1937; Francis, 1940), 
inoculation into the amniotic sac of the 
chick embryo (Burnet, 1940), intranasal 
inoculation of hamsters (Taylor, 1940), as 
well as by various other less satisfactory 
procedures. Inoculation into the amniotic 
sac is apparently the most sensitive and 
successful of present technics. The virus is 
present in the upper respiratory tract of 
patients from the first day of illness until 
the fifth, occasionally until the seventh, day 
after onset (Francis et al., 1937; Horsfall 
et al., 1940a). In fatal cases associated with 
secondary bacterial pneumonia, influenza A 
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virus has been recovered occasionally from 
the lungs. In natural infections of human 
beings, as in experimental infections of fer- 
rets, mice or hamsters, the virus remains 
strictly localized in the tissues of the respir- 
atory tract; it is not present in the blood 
or in other organs. Throat-washings may 
contain a considerable quantity of virus, in 
some instances with influenza A virus as 
much as 10‘ chick embryo infectious doses 
per cc. (Hirst, personal communication). 
Undiluted secretions from the upper respir- 
atory tract may contain even higher con- 
centrations of virus and in the form of 
droplets expelled into the air readily ac- 
count for the communicability of the infec- 
tion and the rapidity of its spread among 
susceptible persons in proximity to patients. 

Following an attack of influenza A, most 
patients develop a demonstrable antibody 
response against influenza A virus but do 
not develop antibodies against influenza B 
virus. Similarly, after influenza B there is in 
a large proportion of patients an unequi- 
vocal antibody response against influenza B 
virus, but not against influenza A virus. 
Antibody levels may be measured by a num- 
ber of different technics: serum neutraliza- 
tion tests against the virus in the ferret 
(Smith, Andrewes and Laidlaw, 1933) ; ser- 
um neutralization tests against the virus in 
the mouse (Andrewes, Laidlaw and Smith, 
1935) ; serum complement-fixing tests in the 
presence of viral antigen (Smith, 1936) - 
serum inhibition of hemagglutination tests 
against the virus (Hirst, 1942a) ; serum neu- 
tralization tests against the virus in the 
chick embryo (Hirst, 1942b). Because of its 
simplicity and the rapidity with which titra- 
tions of antibody levels can be carried out 
by means of the technic, the inhibition-of- 
hemagglutination test is now much more 
extensively used than any of the other sero- 
logic procedures. This test measures either 
the level of neutralizing antibodies them- 
selves or some other factor in serum, the 
level of which Closely parallels such anti- 
bodies (Hirst, 1942a). 

In the serum of patients an increased 
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antibody level may be demonstrable as 
early as 7 days after onset of illness; 
maximal antibody levels usually are pres- 
ent 2 weeks after onset (Horsfall et al., 
1940a), persist only for approximately a 
month and then gradually decline. Two 
months after infection, antibody levels are 
on the average only 5 times higher than 
during the acute phase of the disease; at 3 
months they may be only 2 times higher, 
while after 8 or 12 months they drop almost, 
if not altogether, to preinfection levels 
(Francis et al., 1937; Horsfall, 1940). Most 
human beings of school age or older pos- 
sess in their serum demonstrable antibodies 
against influenza viruses; among normal 
adults the incidence of neutralizing anti- 
bodies against influenza A virus may be as 
high as 55 per cent (Rickard et al., 1940) 
when 10* or more infectious doses of virus 
are used in neutralization tests, and over 
80 per cent (Rickard et al., 1941) if smaller 
amounts of virus are employed; the inci- 
dence of hemagglutination-inhibiting anti- 
bodies is at least as high or higher (Hirst 
et al., 1942). Not only do most human be- 
ings possess specific antibodies against the 
viruses but also in many instances their 
sera show surprisingly high antibody levels. 
The serum of approximately 3 per cent of 
normal persons can neutralize more than 
10° M.L.50 doses of influenza A virus: 
about 20 per cent can neutralize 10° to 10° 
such doses; over 55 per cent can neutralize 
10* to 10° doses; over 75 per cent can neu- 
tralize 10° to 10* doses. Only approximately 
20 per cent fail to neutralize 102 or less 
doses of virus (Rickard et al., 1941), 

The frequency with which normal persons 
possess antibodies against influenza viruses 
in all probability reflects the frequency with 
which infection with the agents occurs and 
indicates that they are widely disseminated 
and commonly infect most persons at some 
time during life. Because most normal per- 
Sons possess antibodies, it is necessary to 
determine with each patient the antibody 
level of serum obtained during the acute 
phase of the illness, preferably from the 
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first to the third but not later than the fifth 
day after onset, and of serum obtained 2 to 
4 weeks after onset if an increase in anti- 
bodies is to be demonstrated. A fourfold or 
greater increase in antibody titer is con- 
sidered to be significant and, if the tests 
are carried out by those proficient in the 
technics, can be taken as evidence of a 
specific antibody response. In persons who 
have not recently received influenza virus 
vaccine, such a response is strong evidence 
of infection with the serologic type of virus 
which was employed in the tests. 

In measuring antibody levels in serum, 
not only is the serologic type of virus of 
importance but also the strain of virus used 
may markedly affect the results, Antibody 
titers determined with one strain may be 
widely different from those determined with 
another strain of the same serologic type. 
Moreover, the increase in antibody level 
following an attack of the disease may be 
very marked and highly significant when 
one strain is employed and so small as 
not to be significant when another strain 
of the same serologic type is used (Magill 
and Sugg, 1944). This may complicate 
seriously the interpretation of the results 
of antibody titrations and also makes de- 
sirable the employment of two or more 
strains, independently, in serologic tests. 
It is probably best to use recently isolated 
strains and, if possible, strains obtained 
from patients in the epidemic under study. 
Not only are antibodies present in serum 
but they are present also in the nasal secre- 
tions of human beings (Francis, 1941-42). 
The concentration of antibodies in nasal se- 
cretions is related to, although somewhat 
lower than the serum antibody titer, and 
varies directly with the latter after an at- 
tack of the disease. 

Quantitative factors are of great impor- 
tance in serologic tests with influenza vi- 
ruses and must be very carefully controlled 
if trustworthy results are to be obtained. 
This is as true of neutralization tests in the 
mouse (Horsfall, 1939; Horsfall and Len- 
nette, 1941) as of hemagglutination-inhibi- 
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tion tests (Hirst, 1942a: Salk, 1944), In 
virus neutralization tests, the quantity of 
virus employed and the reproducibility of 
the titration end point used are the fac- 
tors which require most careful control. 
In hemagglutination-inhibition tests, the 
amount of virus, the concentration of red 
blood cells and the titration end point are 
the variables which should be most care- 
fully controlled, The neutralization of virus 
by antibody, as judged by the results of 
tests in mice, is a reaction which appears 
not to follow the law of multiple propor- 
tions. There is a linear relationship between 
the two variables, but this has an exponen- 
tial form (Horsfall, 1939). As an approxi- 
mation, a fivefold increase in the amount 
of antibody used results in a tenfold in- 
crease in the amount of virus neutralized 
and vice versa, i.e., the virus neutralizing 
effectiveness of antibody appears to di- 
minish progressively as the concentration 
of antibody decreases. It is evident that the 
neutralizing antibody titer of an immune 
serum is directly dependent upon, although 
not inversely proportional to, the quantity 
of virus used to measure it. It should be 
emphasized that the results of virus neu- 
tralization tests, as carried out in the mouse, 
cannot be used as evidence for the mecha- 
nism of the interaction between virus and 
antibody ; during the 10 or more days which 
elapse between inoculation of the mixture 
and the determination of the result, the 
animal host is not only capable of support- 
ing the multiplication of virus but also pos- 
sesses the capacity to produce antibody ; 
neither host variable can be controlled ade- 
quately and either one may influence the 
result, In this connection, it is of particular 
interest that the inhibition of viral hemag- 
glutination by antibody does correspond to 
multiple proportions ; the hemagglutination- 
inhibition titer of an immune serum is in- 
versely proportional to the amount of virus 
used to determine it (Hirst, 1942a) ; a five- 
fold increase in the quantity of virus em- 
ployed results in a fivefold decrease in 
the antibody titer. Moreover, a constant 
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amount of antibody inhibits hemagglutina- 
tion caused by a constant amount of virus 
regardless of the volume in which the re- 
action occurs, indicating that, in this respect 
at least, the virus-antibody reaction is simi- 
lar to the better understood antigen-anti- 
body reactions (Hirst, 1942a). It appears 
evident that the in-vitro hemagglutination- 
inhibition technic provides more exact in- 
formation regarding the mechanism of virus- 
antibody reactions than does the much more 
complex in-vivo virus neutralization technic. 

Prior to the development of the hemag- 
glutination-inhibition technic, the comple- 
ment-fixation reaction was the only avail- 
able in-vitro procedure for the measurement 
of antibody levels against the virus. Virus 
suspensions contain antigens which in the 
presence of antibody are capable of fix- 
ing complement (Smith, 1936), The larger 
part, but not all, of the complement-fixing 
antigen is separable from the virus particles 
(Hoyle and Fairbrother, 1937) and is very 
much smaller in size than the virus (Len- 
nette and Horsfall, 1940). In many re- 
spects the antigen which is separable from 
the virus is analogous to the soluble anti- 
gens of other viruses. Soluble antigens freed 
of virus are immunologically specific for the 
serologic type from which they are derived 
but fail to reflect the immunologic differ- 
ences between strains of one type (Len- 
nette and Horsfall, 1941). In addition to 
the soluble antigen, there is a complement- 
fixing antigen which is intimately asso- 
ciated, if not identical, with the virus parti- 
cles (Friedewald, 1943). This antigen, as 
distinct from the soluble antigen, shows in 
complement-fixation tests a high degree of 
strain specificity comparable to that ob- 
tained in neutralization or hemagglutina- 
tion-inhibition tests. The serum of approxi- 
mately 80 per cent of normal persons fails 
to give positive results in complement- 
fixation tests against the soluble antigen of 
influenza A virus (Rickard et al., 1940). 
Following an attack of influenza A, com- 
plement-fixing antibodies can be demon- 
strated with soluble antigen in serum from 
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80 to 90 per cent of the patients (Eaton 
and Rickard, 1941). On the average, such 
antibodies appear, reach maximal titers 
and decline at a rate which corresponds 
fairly well with that of the development 
and decline of neutralizing antibodies. The 
complement-fixation test with soluble anti- 
gen does not measure neutralizing or hemag- 
glutination-inhibiting antibodies, but when 
virus particles are used as antigen the 
results are closely correlated with those ob- 
tained in inhibition tests (Wiener et al., 
1946). It is probable that the soluble anti- 
gen represents merely fragments of or dis- 
integrated virus particles ; it can be released 
from intact virus particles by intense sonic 
vibration (Wiener et al., 1946). 


DIAGNOSIS 


Because of the frequency with which the 
disease occurs, its tendency to appear in 
epidemic form and the fairly typical clini- 
cal picture which is commonly presented, 
diagnosis is usually not difficult, The com- 
mon features are an abrupt onset, chills, 
fever, headache, muscular pains, prostra- 
tion, cough and nasal symptoms in the 
absence of any very definite abnormal 
physical signs. 

Sporadic cases occur in periods in which 
there are no epidemics. 

Infection with either serologic type of 
influenza virus may lead to a wide variety 
of different clinical pictures: subclinical or 
inapparent infections are common during 
epidemics. Mild infections with symptoms 
similar to those of the common cold also 
occur, whereas severe infections are rare but 
may be associated with pneumonia due to 
secondary bacterial infection. Influenza A 
is, in general, associated with somewhat 
more definite symptoms than influenza b, 
but there is no clinical evidence which 
serves to distinguish one infection from the 
other. An etiologic diagnosis can be made 
only by laboratory procedures, recovery 
and identification of the virus from the re- 
spiratory tract, demonstration of a specific 
and significant antibody response against 
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the virus. Virus may be recovered most 
readily from throat-washings obtained dur- 
ing the acute phase of the disease by intra- 
amniotic inoculation of chick embryos; it 
may be identified by hemagglutination- 
inhibition tests with specific immune sera. 
An antibody response may be demonstrated 
most readily by determining the hemagglu- 
tination-inhibition titers of two serum speci- 
mens from each patient: one specimen 
should be obtained during the acute phase 
of the disease, i.e., less than 5 days after 
onset; the other specimen should be ob- 
tained during the 2nd or 3rd week after 
onset. 

Numerous other infectious diseases may 
closely simulate influenza and should be 
distinguished from it. Among these are the 
following: the common cold, undifferenti- 
ated acute upper respiratory infections, pri- 
mary atypical pneumonia, paranasal sinu- 
sitis, abortive measles, dengue, Rift Valley 
fever, lymphocytic choriomeningitis, and 
Venezuelan equine encephalomyelitis, Con- 
sult the chapters concerning these diseases. 

TREATMENT 

Symptomatic and supportive treatment 
identical to that employed in undifferenti- 
ated, acute, upper respiratory infections or 
in other illnesses with similar symptoma- 
tology gives some relief. The sulfonamide 
drugs do not give beneficial results or relief 
from symptoms. Because secondary bac- 
terial infections occur only in rare instances, 
there is no real advantage in giving sulfon- 
amides with the hope of preventing their 
development. Penicillin or other antibiotics 
do not produce favorable effects and do not 
shorten the illness. There is no rational 
basis for the use of immune serum once 
signs and symptoms of the disease have 
appeared, Similarly, there is no reason to 
think that the administration of influenza 
virus vaccine to patients with the illness 
would be beneficial in the least; it is prob- 
able that in numerous instances the injec- 
tion of vaccine would tend to lead to 
increased symptoms. 


EPIDEMIOLOGY 

The disease occurs with considerable fre- 
quency and is world-wide in distribution. 
Most commonly it appears in epidemic 
form: numerous localized epidemics may 
occur in different geographical areas almost 
simultaneously ; extensive epidemics may 
appear to spread over large areas. Sporadic 
cases, on the other hand, occur and may or 
may not lead to the development of sec- 
ondary cases among contacts, Pandemics or 
very extensive intercontinental outbreaks 
have occurred rarely, and it should be 
pointed out that the causal agents of such 
outbreaks have not been established. In the 
temperate zones epidemics tend to develop 
during the winter months; in the north 
temperate zone they usually occur in the 
period from late November to the end of 
March. However, an epidemic may develop 
at any time of the year especially in 
the tropics where epidemics have occurred 
during the summer months, Outbreaks of 
influenza A of widely varying extent have 
occurred in one or another country almost 
every year since the virus was discovered 
in 1933. 

Definite epidemics of influenza A, how- 
ever, have shown some tendency to cyclic 
occurrence, and the interval between siz- 
able epidemics has usually been 2 or, occa- 
sionally, 3 years. Outbreaks of influenza B 
have been less frequent and less extensive. 
Definite epidemics of the latter disease also 
have shown a tendency to cyclic occurrence ; 
the interval between epidemics has varied 
from 4 to 5 years. Influenza A and B may 
occur simultaneously in the same geographic 
area, although this appears not to be com- 
mon (Lennette et al., 1941). In the main, 
only one serologic type of virus is obtained 
from patients in a single outbreak and 
strains of a type recovered from the same 
epidemic tend to be immunologically closely 
related (Hirst, 1943b). Attack rates vary 
widely in different epidemics and may range 
from as low as 1 or 2 per cent to as high 
as 20 or 30 per cent. Under crowded living 
conditions where opportunities for contact 
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are frequent, as in institutions, schools, 
camps, barracks or on shipboard, attack 
rates tend to be high. Conversely, among 
dispersed populations, as in rural communi- 
ties, with fewer opportunities for contact, 
the attack rate tends to be low. The shape 
of the epidemic curve is also a function of 
the contact frequency. Under conditions of 
crowding, the epidemic peak may build up 
rapidly, sometimes within a few days after 
the appearance of the first case, and then 
the epidemic may rapidly burn out so that 
the whole outbreak occupies a period of 
only 2 or 3 weeks (Francis, 1937; Horsfall 
et al., 1940a) ; among dispersed populations 
there may be no obvious peak of incidence, 
and small numbers of cases may continue 
to occur over a period of 2 or 3 months 
(Rickard et al., 1940). 

Infection with influenza viruses is very 
common; most children over 5 years of age 
show evidence of past infection (Rickard 
et al., 1940) ; most adults possess neutraliz- 
ing antibodies (Rickard et al., 1941) which 
is strong evidence of previous infection. In- 
apparent or subclinical infections may be as 
common as, or even more common than, 
manifest infections (Francis et al 19574 
Rickard et al., 1940) and probably serve to 
explain the high incidence of antibodies 
against the viruses as well as the prolonged 
maintenance of significant antibody levels 
by healthy persons, Persons of any age, race 
or color are about equally susceptible, as 
are both sexes (Francis, 1937), The infec- 
tion is thought to be transmitted by means 
of droplets discharged from the upper re- 
spiratory tract of patients. The portal of 
entry of the virus is the upper respiratory 
tract. Unequivocal evidence for the exist- 
ence of virus carriers among human beings 
or animals has not been obtained. The inter- 
epidemic reservoir of the viruses is not 
definitely known although it is suspected 
that sporadic infections may serve to main- 
tain the viruses between epidemic periods 
(Burnet and Clark, 1942), 

The type specific immunity which de- 
velops following an attack of either influ- 
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enza A or influenza B does not persist 
indefinitely (Magill, 1941) and probably is 
not of significant degree after 6 or 8 months 
(Francis et al., 1944). An attack of influ- 
enza A does not induce immunity against 
influenza B and vice versa. The relatively 
transient immunity which results from in- 
fection with either type of virus may be a 
reflection of the fact that the infectious 
process is limited to the mucous membrane 
of the respiratory tract or to other unknown 
factors. Susceptibility to infection with 
either type of virus is to a degree inversely 
correlated with the serum antibody level 
against the homologous type (Francis et al., 
1937; Rickard et al., 1941) ; the higher the 
antibody level, the less probable is infec- 
tion. However, an attack may occur irre- 
spective of a high antibody titer. 


CONTROL MEASURES 


Many groups of investigators have 
studied, in human beings, the efficacy of 
vaccines containing influenza viruses and 
numerous attempts have been made to de- 
termine their effectiveness as prophylactic 
agents against the disease. The first studies 
were those of Chenoweth et al. (1936) 
which were shortly followed by a number 
of others. Horsfall et al. (1941) as well as 
other workers showed that the subcutaneous 
injection of virus vaccine led to a significant 
reduction in the incidence of influenza A. 
During World War II the Commission on 
Influenza, Army Epidemiological Board, 
undertook extensive studies on vaccines 
against the disease. Members of the Com- 
mission on Influenza (1944) developed a 
concentrated virus vaccine which contained 
Strains of both serologic types and showed 
that it was effective as a prophylactic 
agent. During epidemics of influenza A, the 
incidence of the disease was about 70 to 
80 per cent lower in vaccinated persons than 
in those who were unvaccinated (Salk et al., 
1945). During epidemics of influenza B. the 
attack rate was about 90 per cent lower in 
vaccinated than in unvaccinated persons 
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(Francis et al., 1946). As generally pre- 
pared at the present time the vaccine con- 
tains inactivated viruses derived from the 
allantoic fluid of infected chick embryos 
and purified in varying degree. Subcu- 
taneous administration of vaccine stimu- 
lates the development of antibodies against 
the viruses contained in it and results in 
increased serum antibody levels (Hirst 
et al., 1942). Antibodies begin to appear 
approximately a week after the injection 
of the vaccine, reach maximal levels during 
the second week, remain constant for ap- 
proximately a month and then gradually 
decline (Hirst et al., 1942). The degree of 
increased resistance to infection is to a con- 
siderable extent mirrored by the antibody 
curve: there is some evidence of protection 
1 week after vaccination (Hirst et al., 
1944): there is more evidence of protection 
thereafter for a month or two; following 
this period there is apparently progressively 
less protection (Members of the Commis- 
sion on Influenza, 1944). There is as yet no 
agreement as to the duration of a significant 
degree of increased resistance following 
vaccination, Estimates vary between 2 and 
12 months, but numerous workers doubt 
that vaccination leads to definitely reduced 
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susceptibility for more than a few months. 
The response to vaccination varies widely 
among different persons, In general, the 
extent of the increase in antibody titer is 
inversely proportional to the antibody level 
at the time of vaccination (Hirst et al., 
1942). Vaccinated persons can and do con- 
tract influenza, but, if the interval between 
vaccination and exposure is not too long, 
they are definitely less likely to develop the 
disease than are unvaccinated people, The 
currently used vaccine has certain disad- 
vantages over and beyond the relatively 
short period during which it induces a de- 
eree of immunity. It contains a considerable 
concentration of virus material which, al- 
though inactivated, possesses toxic prop- 
erties and, if given in sufficient quantity, 
may cause unpleasant symptoms in an ap- 
preciable percentage of persons, especially 
children. Moreover, it contains antigenic 
material of chick embryo origin which may 
lead to sensitization or, rarely, to marked 
reactions in persons already hypersensitive 
to such material. The vaccine is prepared 
with only one or two strains of each of the 
two serologic types of virus and conse- 
quently cannot be expected to give pro- 
tection against all strains. 
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Smallpox and Vaccinia 


INTRODUCTION 


Smallpox has been a pestilence afflicting 
man since antiquity. Jennerian prophy- 
laxis, introduced a century and a half ago, 
provided a means for controlling the 
scourge. Nevertheless, epidemics of small- 
pox continue to occur throughout the world, 
and it is only by constant vigilance that 
these are checked. Smallpox and vaccinia 
are caused by two closely related but dis- 
tinct viruses. The former affects man pri- 
marily, being maintained in nature by 
transmission from one human being to 
another without the aid of vectors or ani- 
mal reservoirs. Vaccine virus, the agent of 
cowpox, is indigenous to cattle, causing a 
mild disease in its natural host and in man; 
it derives its medical significance from its 
capacity to immunize against smallpox. 
Variola and vaccinia have been important 
for so long a time and have been investi- 
gated so thoroughly that their literature is 
voluminous. In this chapter emphasis will 
be placed on the disease caused by variola 
virus and on the nature of the virus of 
vaccinia. 


SMALLPOX 


(SYNONYMS: petite 


Llattern) 


Variola, vérole ; 


History 


One of the earliest accounts of smallpox 
concerns an epidemic in China in 1122 B.C. 
The disease was known in ancient India 


and is believed to have occurred from time 
immemorial among the Negroes of Central 
Africa. Numerous epidemics were de- 
scribed in the Middle East and in France 
during the first millennium of the Christian 
era, and wide dissemination resulted from 
the Crusades. Smallpox was introduced into 
the western hemisphere shortly after the 
first voyage of Columbus and _ rapidly 
spread through Central and South America. 
The African slave trade contributed to its 
continued prevalence in North America 
(Woody, 1932). 

A subject of historic and epidemiologic 
interest is the variation in mortality rate in 
different epidemics of variola. The fatality 
rates in the famous outbreaks of history 
Were generally high, often reaching or ex- 
ceeding 30 per cent. Furthermore, in certain 
areas, notably India, the mortality has been 
high in recent times; thus, between 1926 
and 1930, among the 979,738 cases re- 
ported in British India, the deaths per 100 
patients were 42.3. In contrast, 381,890 
cases of smallpox were reported in the 
United States during the years 1921 to 
1930, and the fatality rate in this group was 
only 0.9 per cent (Hedrich, 1936). As a 
result of such findings, smallpox is gen- 
erally classified as variola major and 
variola minor; a number of Synonyms have 
been applied to the latter in various parts 
of the world, such as alastrim, Cuban itch, 
amaas, Kaffir-pox and milk-pox, While 
differences in mortality rate such as those 
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mentioned above are dependent upon many 
factors, it is the consensus that the severe 
and mild types of smallpox exist as stable 
entities. 


CLINICAL PICTURE 


The classical picture of smallpox ob- 
served during epidemics is so constant and 
so readily recognized that it will be dis- 
cussed only briefly. Cases of smallpox 
which do not conform to the textbook pic- 
ture are of particular importance, since the 
lack of their recognition results in failure 
to apply control measures which are effec- 
tive in stopping the spread of the disease. 

The typical picture of smallpox is as fol- 
lows: 12 days after exposure to variola 
virus, a patient develops chills, prostration, 
headache, severe backache, vomiting, and 
fever of about 103° F. These prodromata 
continue for 3 or 4 days during which time 
a fleeting rash of indefinite type may be 
detected; at the end of this period, the 
eruption appears and the temperature falls 
close to the normal range. The rash begins 
as a discrete papular eruption on the face, 
but rapidly appears on the extremities and 
trunk; later it may 
many areas. It involves the palms and soles 
as well as the buccal and _ pharyngeal 
mucosa. Fewer lesions appear on the trunk 
than on the extremities; thus, the distribu- 
tion is centrifugal. After several days the 
papules become vesicular, and by about the 
tenth day after onset of fever they are 
pustular. A photograph of a patient with 
the typical pustular eruption of smallpox 
is reproduced in Figure 32. The pustules 
begin to dry and generally are crusted over 
by the end of the second week, the scabs 
dropping off about the end of the third 
week. Practically all of the lesions in one 
area simultaneously undergo — transition 
from the papular to vesicular and thence to 
the pustular stage. With the onset of the 
pustular stage, fever generally returns and 
persists for several days at a level of 101°- 
102° F. A mild leukopenia often occurs 
during the preeruptive stage while a moder- 


become confluent in 
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ate leukocytosis appears with pustulation. 
A fulminating, purpuric type of smallpox 
which may not be recognized as a variolous 
infection is characterized below. 





Fic. 32. Photograph of patient with 
pustular eruption of smallpox. 


On the second or third day of fever a 
diffuse, hyperemic rash appears, beginning 
as small punctate hemorrhages In the skin. 
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The skin quickly assumes a purplish ap- 
pearance and there are ecchymoses in the 
conjunctivae and sometimes hemorrhages 
from the mucous membranes. Death gen- 
erally results within 3 or 4 days after onset 
and before the appearance of the typical 
rash of smallpox. The blood count in these 
cases is characterized, according to Ikeda 
(1925), by a sharp reduction in polymor- 
phonuclear cells, thrombocytopenia, and 
marked lymphocytosis; thus, the picture 
may resemble leukemia. In another type of 
hemorrhagic smallpox, bleeding may be de- 
layed until the rash has appeared, in which 
case hemorrhage may occur into or be- 
tween the lesions. Death usually occurs 
quickly in this type also, but may be de- 
layed until the pustular stage has been 
reached. It is of interest that an unrecog- 
nized case of hemorrhagic smallpox of this 
latter type was responsible for the outbreak 
in New York City in 1947 (Greenberg, 
1947). 

The term varioloid is used to designate 
a mild type of variola which occurs in 
partially immune persons who have been 
vaccinated successfully a number of years 
previously. The prodromal symptoms are 
rarely severe; the rash is discrete and may 
be scanty. The lesions usually proceed 
through their appointed course of develop- 
ment at a more rapid rate than in the 
classical disease, and no secondary rise in 
temperature accompanies pustulation. Dur- 
ing an epidemic, such cases may easily be 
overlooked, but they serve as means of 
spreading the infection. Extremely mild 
forms of the disease may occur without the 
appearance of pocks; these are usually en- 
countered in recently vaccinated persons. 
The diagnosis of variola sine exanthem has 
generally been made on epidemiologic evi- 
dence (Conybeare, 1939), but with labora- 
tory technics now available it should be 
possible to establish unequivocally the 
etiology of such cases by isolation of virus 
or demonstration of rise in specific anti- 
bodies during convalescence. 

Pyogenic infections of various types are 
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the most common complications which 
arise in smallpox. Terminal bronchopneu- 
monia of greater or lesser extent occurs in 
practically all fatal cases. Bacteremia is 
frequent in patients who succumb. Thus, 
Councilman and co-workers (1904) ob- 
tained blood cultures at 11 autopsies and 
recovered a streptococcus from 9, a pneu- 
mococcus from one, and a staphylococcus 
from one; Ikeda (1925) found hemolytic 
streptococci in 8 of 9 postmortem cultures 
and an indifferent streptococcus in the re- 
maining one. 

Variations in the mortality in different 
epidemics of smallpox and in the several 
types of smallpox in a given outbreak are 
well illustrated in the report of Sweitzer 
and Ikeda (1927). These authors observed 
that variola minor was relatively common 
in Minnesota from 1913 to 1923, when there 
were 35,152 cases and 108 deaths. An out- 
break of variola major occurred in Minne- 
apolis in 1924-25 with 1,430 cases and 
365 deaths. During the epidemic 581 pa- 
tients were treated in one hospital and 
246, or 42 per cent, died. This group was 
subdivided as follows: 10 unclassified type, 
no deaths; 225 discrete type, 14 deaths; 
151 confluent type, 68 deaths; 144 hemor- 
rhagic type, 113 deaths; 51 purpuric type, 
51 deaths. 


PaTHOLoGiIc PIcTURE 


Death from smallpox generally occurs 
about the end of the second week of illness, 
but in the purpuric type it may take place 
early in the first week. Little has been 
added to the knowledge of the pathology 
of variola since the careful studies of 
Councilman, Magrath and_ Brinckerhoff 
(1904) who examined materials collected 
during an epidemic in Boston. These 
workers grouped the pathologic changes 
under three headings: (A) those funda- 
mentally specific and peculiar to the dis- 
ease; (B) changes analogous to those pres- 
ent in many of the infectious diseases but 
in degree characteristic of smallpox; and 
(C) those caused by secondary factors such 
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as bacteria. Their summary of the patho- 
logic anatomy of variola is quoted below. 


A. The specific lesion. 


1. The specific lesion of variola is a focal 
degeneration of stratified epithelium, vacuolar 
in character, and accompanied by serous 
exudation and the formation of a reticulum. 

2. The fully developed product of these 
processes is a characteristic multilocular pock, 
or pustule. 

3. The occurrence of these lesions is sharply 
limited to the stratified epithelium of the skin 
and of the mucous membranes of the soft 
palate, the pharynx, and the esophagus... . 

6. The typical lesion is best seen in the 
skin. It begins with degeneration of the cells 
of the lower layers of the epidermis, accom- 
panied by exudation, at first serous, later more 
or less cellular, the products of which are 
contained within the spaces of a reticulum 
formed by the degenerated cells. The exudate 
increases in amount and the spaces of the 
reticulum enlarge until its fibers finally rup- 
ture, and the lesion becomes a_ filled-out 
pustule. This development may take place 
wholly within the epidermis, and the fluid 
contents of the pock be separated from the 
corium by comparatively intact cells; or the 
corium may form the bottom of the pustule, 
in which case there is usually necrosis of the 
papillary border. 

7. The subsidence and the repair of the 
lesion are accomplished by the removal of the 
fluid portion of the exudate by absorption and 
by drying, and by the regeneration of the 
epidermis, in the course of which the residual 
mass of degenerated epithelial cells, leuco- 
cytes, and debris, enclosed between two layers 
of horny epidermis, the old and the newly- 
formed, is exfoliated. The complete evolution 
of the lesion occupies about two weeks. .. . 

10. Contained within these lesions of the 
skin and the mucous membrane and determin- 
ing their specificity and occurring chiefly in 
the cells of the rete mucosum is the parasite* 
peculiar to variola; in its younger or 
cytoplasmic form it is present in the proto- 


* These authors were influenced by the work of 
Guarnieri (1892) who described the cytoplasmic inclu- 
sions of variola and regarded them as protozoan para- 
sites to which he gave the name Cytoryctes variolae. 
Councilman, Magrath and Brinckerhoff, who were 
the first to observe the intranuclear inclusions in 
variola, thought that these represented another stage 
in the development of the parasite. The modern con- 
cept that the viruses of variola and vaccinia are not 
protozoan parasites but elementary bodies with a 
diameter of about 200 mp, is discussed elsewhere in 
the chapter. 
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plasm of the epithelial cells of early lesions 
and of such of the older lesions as are extend- 
ing; in its intranuclear form it is for the most 
part in lesions more advanced. No parasites 
have been found in any lesions of the skin in 
which repair was well advanced. . . . 

b. Associated lesions — of 
specificity. 


indeterminate 


1. Proliferation within the hematopoietic 
organs is constant and well-marked, and gives 
rise in the spleen, the lymph nodes, and the 
bone marrow to the formation of mononuclear, 
basophilic cells, and in the lymph nodes and 
the marrow to phagocytic endothelial cells. 
The former pass into the blood in large 
numbers. This process is present to some 
degree in other infectious diseases, but is here 
so prominent as to be well-nigh characteristic. 

2. Cellular infiltration with the mononu- 
clear basophilic elements above mentioned, 
focal and interstitial in distribution, occurs 
constantly in the testicle, and usually in the 
kidney, in the liver, and in the adrenal glands. 
In the testicle this infiltration, by pressure 
and by thrombosis, causes anemic focal 
necrosis, lesions which seem to be specific of 
the disease. 

3. Degeneration, focal in character, ap- 
parently not anemic, but due to the action otf 
toxines, and leading to necrosis, at times with 
hemorrhage, and accompanied by focal forma- 
tion of phagocytic cells, is present in the 
blood-forming cells of the bone marrow, and 
constitutes a lesion almost pathognomonic, 
but devoid of parasites. Diffuse degeneration, 
toxic in character, is present in the liver, the 
kidney, the adrenal gland, and the testicle; in 
the liver cloudy swelling is more marked than 
it is in any other acute infectious disease. 

Otherwise, the degeneration is not to be dis- 
tinguished from that due to bacterial infec- 
CIO; «<< 

5. The paucity of polynuclear leucocytes, 
alike in the specific lesions, in the focal de- 
generations, and in the bone marrow, is a con- 
dition so constant and so pronounced as to 
render it a striking peculiarity of the disease. 


Although Councilman and his co-workers 
described in detail the pulmonary lesions in 
their cases, they did not mention them in 
their summary quoted above. In view of 
the modern interest in pulmonary lesions 
associated with viral infections, certain of 
their statements bearing on this point are 
added. 
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The most common lesion found in the lungs, 
and one which is very rarely absent, is bron- 
chitis, usually combined with more or less 
extensive broncho-pneumonia. This was found 
microscopically in cases in which there was no 
macroscopic evidence of it. . . . The exudate 
in the lungs contained great numbers of 
polynuclear leucocytes. . . . Interstitial lesions 
consisting of focal infiltration of the tissue 
around the bronchi and around the blood 
vessels of the lung were found in a number of 
cases. These did not seem to have any relation 
with the purely exudative lesions. The cells 
found in these interstitial foci were the large 
basophilic cells and a small number of 
phagocytic cells. 


The cytoplasmic and intranuclear inclu- 
sions found in tissues infected with variola 
virus are of sufficient interest to warrant a 
brief description. The cytoplasmic in- 
clusions, generally designated Guarnieri 
(1892) bodies, are large circular or oval 
structures having a diameter up to 10 uw. 
They are found in human and animal 
tissues infected with either variola or vac- 
cinia virus and are homogeneous aci- 
dophilic masses lying in the cytoplasm close 
to the nucleus. There may be one or more 
in a cell and each one is usually surrounded 
by a clear unstained zone. Although they 
may occur in almost any type of tissue 
under experimental conditions, in smallpox 
of man they are found almost exclusively 
in lesions of skin and mucous membrane. 
Councilman and co-workers (1904) found 
inclusions in their human materials up to 
the tenth day of the disease, i.e., six days 
after the appearance of rash, at a time 
when the lesions were vesicular or becom- 
ing pustular. They were not able to find 
inclusions after the thirteenth day of the 
disease. Thus, the majority of patients 
dying from smallpox do not provide suit- 
able material for studies of this type. 
Guarnieri bodies are found most readily in 
cells of the rete mucosum at the edge of an 
extending vesicle or in the early lesions of 
purpuric smallpox. Opinions have differed 
as to the exact nature of Guarnieri bodies. 
Himmelweit (1938) studied the develop- 
ment of these structures in situ by direct 
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microscopic examination of chorio-allantoic 
membranes infected with vaccinia and con- 
cluded that they consist of a collection of 
elementary bodies contained in a matrix; 
this general concept is concurred in by 
most investigators who have worked re- 
cently with vaccine virus (Bland and 
Robinow, 1939; Eisenberg-Merling, 1940) 
and by Downie and Dumbell (1947a) who 
studied variola virus. 

The intranuclear inclusions of variola 
are found in the lesions of man and mon- 
keys (Magrath and Brinckerhoff, 1904) but 
have not been clearly observed in infected 
chorio-allantoic membranes  (Buddingh, 
1938; Downie and Dumbell, 1947a). These 
inclusions do not occur in the lesions 
of vaccinia. Torres (1935-36) points out 
minor differences in the tinctorial and 
morphologic properties of intranuclear 
structures in variola major and alastrim. 
The intranuclear inclusions of variola are 
single or multiple, round or oval, acidophi- 
lic structures which are separated from the 
thickened nuclear membrane by an un- 
stained halo. They are rarely, if ever, found 
in a cell which contains a Guarnieri body. 
Little work has been done on the intra- 
nuclear inclusions of variola in recent years 
and their relation to the infective particle 
of the virus is unknown, Although char- 
acteristic for the variolous lesion, they may 
be independent of the viral agent itself; it 
may be noted that intranuclear inclusions 
can be found in lesions produced by non- 


viral materials (Olitsky and Harford, 
1937). 


IEeXPERIMENTAL INFECTION ; Host RANGE 


Variolation has been practiced since long 
before the Christian era. Thus, the agent 
of smallpox was the first virus to be em- 
ployed in planned transmission experi- 
ments. Blaxall (1930a) states: 


The Chinese applied powdered old crusts to 
the nostrils; the Brahmins in India used 
preserved crusts and inoculated the skin, gen- 
erally of the arm or forehead; the Persians 
ingested prepared crusts. In Europe the prac- 
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tice mostly in vogue was to take fluid from 
pocks as exhibited in a mild case and to apply 
this to the skin scarified by needle or lancet, 
or after the application of blisters. As experi- 
ence grew, greater care was exercised in the 
selection of the material used, and it became 
customary to take clear fluid only from 
vesicles in the early stage. 


Following variolation by the European 
method, the lesion at the site of inoculation 
goes through a stage of development similar 
to the primary reaction in vaccinia (see 
section on Control Measures for a detailed 
description of this). About the eleventh 
day after inoculation, a pock eruption ap- 
pears with up to several hundred lesions 
distributed over the body. These go through 
the usual stages and generally heal without 
scar formation. Thus, the result of variola- 
tion is a local lesion followed by systemic 
disease similar in many respects to vari- 
oloid. 

A disease resembling varioloid in man 
is induced in a number of species of anthro- 
poids inoculated with variola virus. The 
histopathology of the experimental dis- 
ease is similar to that of smallpox in 
man (Magrath and Brinckerhoff, 1904; 
Brinckerhoff and Tyzzer, 1906). The mon- 
key appears to be the only animal able to 
contract variola under natural conditions. 
An epidemic of smallpox in Brazil is re- 
ported to have been associated with an 
epizootic among Mycetes and Cebus mon- 
keys in the area; the bodies of sick and 
dead animals were covered with variolous 
pustules (Blaxall, 1930a). 

A number of animal species is slightly 
susceptible to infection with variola virus. 
Difficulties have arisen, because certain of 
these, notably the rabbit and calf, are 
highly susceptible to vaccine virus, and 
vaccinia has usually been studied in labora- 
tories engaged in work on variola. As a 
result, many reports of so-called primary 
isolations of variola virus in animals and 
the subsequent transformation of it to 
vaccine virus during passage are now dis- 
counted (Horgan, 1938; Nelson, 1943). 
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Rabbits inoculated on the scarified cornea 
with lymph from smallpox pustules de- 
velop a keratitis with some frequency ; this 
is the basis for Paul’s test which has been 
employed as a diagnostic procedure. The 
intracutaneous injection of variolous ma- 
terial induces a local reaction in normal 
rabbits ; and Defries (1928) 
considered this helpful in the laboratory 
diagnosis of smallpox. Although the inocu- 
lation of smallpox material into the skin 
of the rabbit is now rarely employed as a 
direct diagnostic method, it is useful in 
differentiating between variola and vaccinia 
viruses which have been grown on_ the 
chorio-allantoic membranes of embryonated 
eggs. It is difficult, if not impossible, to 
propagate variola virus by serial passage in 
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the rabbit, whereas vaccine virus multiplies 
readily in this host. 

The agent of smallpox grows well on the 
chorio-allantoic membrane of embryonated 
eges producing pocklike lesions rich in 
virus (Torres and Teixeira, 1935; Lazarus, 
Eddie and Meyer, 1937). Buddingh (1938) 
studied the pathologic reaction in this host 
and recommended that the chorio-allantois 
be used for the diagnostic isolation of the 
virus. Lesions which develop on infected 
membranes differ in no significant way 
from those induced by vaccinia, Nelson 
(1943) and Downie and Dumbell (1947a) 
noted differences in the lesions caused by 
their strains of variola and vaccinia viruses, 
but different strains of vaccine virus can 
produce distinguishable types of lesions on 
the chorio-allantois (Buddingh, 1936). The 
titer of virus in passage membranes is of 
the order of 10-7 when tested on the 
chorio-allantois. The virus may be main- 
tained by serial transfer in the yolk sac 
where the infectivity reaches 10°. While 
certain strains of variola rarely kill inocu- 
lated embryos (Nelson, 1943), the author’s 
experience with a number of recently iso- 
lated strains has been that death regularly 
occurs on the third or fourth day following 
inoculation of the chorio-allantois or the 
yolk sac. 
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The nature of variola virus has not been 
elucidated so clearly as has that of the 
closely related agent of vaccinia. Only in 
the last decade has a highly satisfactory 
laboratory host for propagating variola be- 
come available; the increasing use of the 
chorio-allantois of the embryonated egg 
for growing the virus may be expected to 
provide suitable material for studies which 
will supply the needed knowledge. 

Fluid from  variola lesions contains 
numerous elementary bodies, which are 
small, spherical structures having a diameter 
of about 200 mu. These were first described 
in 1887 by Buist (Gordon, 1937) who be- 
lieved that they represented the contagium 
of variola and vaccinia. Paschen (1906) 
redescribed these structures which are 
sometimes referred to as Paschen bodies. It 
is now generally assumed that the ele- 
mentary body of variola represents the 
virus. This assumption is based largely on 
the accumulated results obtained during 
the past 20 years in studies of the closely 
related virus of vaccinia; the elementary 
body of vaccinia is the virus. Elementary 
bodies are stained by certain of the aniline 
dyes; the method of Paschen is generally 
used (van Rooyen and Illingworth, 1944). 
The silver technic of Morosow (1926) has 
also been employed for staining the virus 
particles in smears of human material and 
of infected chorio-allantoic membranes 
(Buddingh, 1938). 

Variola virus is quite stable. It can be 
dried under relatively unfavorable condi- 
tions and still retain its viability. This sta- 
bility is of great assistance in diagnostic 
Studies, since a specimen of the virus for 
examination can be shipped without. re- 
frigeration. This property is also important 
in the spread of smallpox. Thus, Downie 
and Dumbell (1947b) found that desqua- 
mated crusts which were stored in a stop- 
pered bottle for a year at room temperature 
contained viable virus. Such stability prob- 
ably accounts for their observation that 
dust collected from a patient’s room con- 
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tained active virus and may explain the 
outbreaks of smallpox among laundry 
workers who handled contaminated bed 
clothes (Stallybrass, 1931). Variola virus 
remains viable for long periods of time 
when stored at —70° C. and —20° C., or in 
50 per cent glycerol, or when dried either 
by simple methods or by lyophilization. 
The infectivity of variolous crusts sus- 
pended in saline solution is destroyed by 
heating at 55° C. for a half hour (Gordon, 
1925). 

Immunologic and serologic studies indi- 
cate an extremely close relationship be- 
tween variola and vaccinia viruses. The 
classical observation of Jenner (1798) that 
infection with vaccinia protects man 
against variola serves as a bulwark in pre- 
ventive medicine. The presence of common 
antigens and antibodies, demonstrable by 
in-vitro and in-vivo technics, in variola and 
vaccinia has been the basis for numerous 
communications. A number of the more 
recent of these are discussed in the section 
dealing with the etiology of vaccinia; others 
are reviewed by Gordon (1925), Blaxall 
(1930a), and van Rooyen and Rhodes 
(1940). 


DIAGNOsIS 


Diagnosis of smallpox during an epi- 
demic is relatively simple. On the other 
hand, too much emphasis cannot be laid 
on the importance of the early recognition 
of the first case which appears in a com- 
munity, because not infrequently it is 
missed, Findings during the initial stage 
of smallpox may suggest influenza or the 
prodromal phase of many infectious dis- 
eases. The eruption of varioloid may be 
confused with that of varicella. It will] be 
recalled, however, that in the latter disease 
lesions of different age are found near each 
other in the same area of skin. In addition, 
the cutaneous lesions in varicella are more 
plentiful on the trunk than on the extremi- 
ties. Severe hemorrhagic forms of smallpox 
may resemble septicemia, particularly that 
occurring during a meningococcal infection. 
Much emphasis has been placed in recent 
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years on laboratory procedures which aid 
in the diagnosis of smallpox. These are 
important, but it should be remembered 
that the diagnosis of smallpox on clinical 
evidence is generally possible and that the 
institution of preventive measures should 
be begun as soon as the diagnosis is con- 


sidered, without waiting for results of 
laboratory tests. 
Laboratory diagnostic procedures — for 


smallpox are of two general types: (1) di- 
rect demonstration by serologic technics 
of the virus or its specific antigens in 
materials from the cutaneous lesions, and 
(2) isolation and identification of the virus 
from such materials. Methods of the first 
type enable a worker to report results 
within a short time after receipt of a speci- 
men, whereas those of the second type may 
not be expected to give interpretable data 
for three or four days. Demonstration of 
the development of specific antibodies in a 
patient’s serum during convalescence can 
be accomplished by several serologic meth- 
ods, This type of diagnostic procedure is 
of little value in smallpox, except for spe- 
cial investigative work. 

Details of the various types of laboratory 
tests for the diagnosis of smallpox are given 
in an article by Parker (1948). The pres- 
ence of complement-fixing antigen, specific 
for variola-vaccinia, in materials from skin 
lesions has been demonstrated by several 
groups of workers (Gordon, 1925; Parker 
and Muckenfuss, 1932; Craigie and Wis- 
hart, 1936a; Downie, 1946). This type of 
complement-fixation test has been found 
satisfactory for diagnostic purposes, and is 
recommended as the procedure of choice 
for quick results. Isolation of variola virus 
on the chorio-allantoic membrane of an 
embryonated hen’s egg is considered a suit- 
able diagnostic procedure by Buddingh 
(1938) who pointed out that this agent, 
as well as that of vaccinia, produces pocks 
on the membrane, whereas materials from 
patients with varicella do not. Buddingh’s 
findings have been confirmed by Irons et al. 
(1941) and Downie and Dumbell (1947a). 
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he diagnostic method employed at the 
Army Medical Department Research and 
Graduate School is summarized below: 


Vesicular or pustular material is collected 
on a sterile swab attached to a rubber stopper 
and inserted in a special test tube containing 
approximately 1 gram of anhydrous phos- 
phorous pentoxide which is held in the base 
by glass wool. A diagram of this specimen 
tube is presented in Figure 33. The tube is 
shipped by air mail and on arrival the swab 
is washed with 2.0 cc. of saline solution con- 
taining 100 units of penicillin per cc. 0.1 cc. 
amounts of the solution are inoculated on the 
dropped chorio-allantoic membranes of 10-day 





Glass Swab 


Wool 


Po Os 


Rubber Stopper 
Wox Seal 


Fic, 33. Mailing tube to be used for 
transportation of vesicular fluid for 
isolation of smallpox virus. The tube, 
16 x 150 mm., is made of pyrex glass. 
Phosphorus pentoxide is placed in the 
bottom of the tube through a smaller 
tube (not shown) to avoid contamin- 
ating parts of the larger tube which 
might come in contact with the swab. 


5 


embryonated eggs. After 3 days, the eggs are 
examined and material is taken from those 
showing lesions. A portion of this is reserved 
for passage to eggs and animals. A 10 per cent 
suspension of the infected membranes is pre- 
pared and clarified by centrifugation in a 
horizontal machine at 2,000 r.p.m. for 10 
minutes. The supernatant fluid is employed as 
antigen in a complement-fixation test with 
rabbit antivaccinal serum. Serial dilutions of 
the antigen and appropriate dilutions of 
rabbit antivaccinal serum known to contain 
two units of S antibody or L antibody are 
mixed, after which two units of complement 
are placed in the tubes and the mixtures are 
‘incubated at 37° C. for 22 hours. The read- 
ings are made in the usual manner after addi- 
tion of the hemolytic system and further 
incubation. Such preparations of antigen from 
first passage membranes infected with vari- 
olous material have complement-fixation titers 
of %™g to Yes. A positive result at this 
stage permits the report of isolation of a virus 
of the variola-vaccinia group. Such a diag- 
nosis is usually sufficient for the physician or 
health officer. The identification of the exact 
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type of virus is made by determination of its 
pathogenicity for rabbits. 


Nelson (1943) found that his two strains 
of variola virus grown on the _ chorio- 
allantois were nonpathogenic for rabbit 
skin. Thus, differentiation of his strains 
from the virus of vaccinia could be ac- 
complished in the first inoculated rabbit. 
In the writer’s experience, 1C~* of 10+ 
dilutions of emulsions of membranes in- 
fected with recently isolated strains of 
variola virus induce lesions upon intra- 
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Cuart 21. Cases of smallpox re- 
ported in the United States, 1921- 
1944, (Dublin, L. I., 1945, The con- 
quest of smallpox. Statistical Bul- 
letin Metropolitan Life Insurance 
Company, 29, 8.) 


cutaneous inoculation of a rabbit which are 
indistinguishable from those caused by 
vaccine virus ; however, passage of material 
from such lesions in a rabbit to a second 
rabbit induces no cutaneous response, a 
fact which immediately differentiates it 
from vaccine virus. 


TREATMENT 

No specific therapy for variola is avail- 
able. The most common complications of 
the disease are secondary bacterial infec- 
tions; for these the use of the sulfonamide 
drugs and penicillin js indicated. Several 
workers (Wilkinson, 1942; Vengsarkar, 
Poonen and Walavalkar, 1942; Cottrell and 
Knights, 1943; Foulis, 1945) have reported 
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on the efficacy of the antibacterial drugs in 
variola, but carefully controlled observa- 
tions were not made. 


EPIDEMIOLOGY 


Smallpox is transmitted from man to 
man by contact with a patient or his im- 
mediate surroundings. Lesions of the skin 
and mucous membranes are rich in virus 
and a patient thoroughly contaminates the 
area which he occupies. The stability of 
variola virus is such that on ordinary ma- 
terials it retains its activity for some time. 
Thus, transmission of smallpox by con- 
taminated bed clothes (Stallybrass, 1931) 
and by dust from a patient’s room (Downie 
and Dumbell, 1947b) has been reported. 
Blaxall (1930a) has emphasized the re- 
Spiratory route of infection. Patients with 
variola are contagious during all Stages of 
the illness until the scabs have exfoliated. 
Furthermore, the virus persists so long that 
the handling of a patient’s body after death 
is a matter of considerable danger. 

Smallpox occurs most frequently during 
the winter and is found in all regions and 
climates. Human beings are universally 
Susceptible unless they possess immunity 
from previous infection or from vaccina- 
tion. The annual numbers of cases of small- 
pox in the United States from 1921 to 
1944 are presented graphically in Chart 21: 
378 cases were reported in 1944, 334 in 
1945, and 337 in 1946. 

The mortality rate in the United States 
during this period has remained low. Be- 
tween 1921 and 1930 the fatality rate was 
0.9 per cent (Hedrich. 1936) and for the 
years 1944, 1945, and 1946, respectively, 
the number of deaths attributed to small- 
pox were 9, 10, and 24: the last figure is 
incomplete in that it does not include the 
mortality report from California. The re- 
markable reduction in incidence of small- 
pox during the past three decades is a 
tribute to the vigorous application of con- 
trol measures. However, one wonders why 
this success has been accomplished only 
recently, since the principles employed have 


SMALLPOX 323 


been well known for many years. During 
World War II, 115 cases of smallpox with 
24 deaths occurred in the United States 
Army.* During the winter of 1945 and 
1946, however, 121 cases of smallpox de- 
veloped among American troops in Korea 
and Japan and 25 of the patients died 
(Bull. U. S. Army Med. Dept., 1946). The 
British Army in the Middle East had 100 
cases and 14 deaths (Illingworth and 
Oliver, 1944). When such episodes occur, 
the first assumption generally made is that 
the vaccine virus being used to immunize 
troops does not protect against a highly 
virulent local strain of variola virus. Such 
an assumption may be valid in certain in- 
stances, since strains of vaccine virus do 
differ in their immunizing capacity. How- 
ever, Horgan and Haseeb (1945) consider 
these differences unimportant in the field 
control of smallpox. Moreover, it may be 
noted that, when the troops in the Far East 
were carefully revaccinated in 1945 and 
1946 with potent vaccine virus shipped 
under proper conditions, smallpox in the 
military population was immediately con- 
trolled even though it continued in the 
native population. 


CoNnTROL MEASURES 


The American Public Health Association 
recommends the following measures for the 
control of smallpox (1945): 


Methods of control: 

A. The infected individual, contacts, and 
environment: 

1. Recognition of the disease and reporting: 
Clinical symptoms. The rapidly fatal or ful- 
minating type and the very mild type may 
escape diagnosis until secondary cases appear. 

2. Isolation: Hospital isolation in screened 
wards until the period of infectivity is past. 

3. Concurrent disinfection: No article to 
leave the surroundings of the patient without 
boiling or equally effective disinfection. 

4. Terminal disinfection: Thorough clean- 
ing and disinfection of premises. 

5. Quarantine: Of all contacts until vac- 
cinated with a vaccine of full potency and 
daily medical observation of these contacts 
until height of reaction is passed, if vaccina- 
tion was performed within 24 hours of first 


exposure and the strain of smallpox virus was 
of the variola minor type; otherwise for 16 
days from last exposure. Smallpox vaccine is 
of full potency if it gives at least 50 per cent 
of vaccinoid reactions (as defined in the fol- 
lowing paragraph) in persons revaccinated 
more than 10 years after their last vaccina- 
tion.t 

6. Immunization: Vaccination. Only derma] 
vaccination is recommended. The reaction at 
the vaccination site should be carefully ob- 
served and recorded at least 3 and 9 days 
after vaccination to determine whether the 
maximum diameter of redness was under 3 
days (immediate reaction), over 7 days 
(vaccinia), or intermediate between these two 
(vaccinoid). 

7. Investigation of source of infection: The 
immediate prior case should be sought in- 
dustriously, and cases of reported chickenpox 
associated in time or place carefully reviewed 
for error of diagnosis. Active cases of the dis- 
ease without remaining constitutional symp- 
toms must be sought, also persons recently 
in contact with cases, and exposed vaccinated 
persons who may have developed unrecognized 
forms of the disease, and thus be serving as 
sources of infection. 


B. General measures: 

1. General vaccination in early infancy, re- 
vaccination of children on entering school, 
and of entire population when the disease 
appears in a severe form. 

2. Preservation of smallpox vaccine below 
freezing up to the hour of vaccination. This 
includes shipment between cakes of dry ice. 

3. In order to avoid possible complications 
or secondary and subsequent infections at the 
site of vaccination, it is important that the 
vaccination insertion \be as small and super- 
ficial as practicable, not over one-eighth inch 
in any direction, and that the site be kept dry 
and cool. The use of shields or other dressings 
is to be condemned, The multiple pressure 
method is recommended.t Primary vaccina- 
tion at as early an age as possible is desirable. 
The time of vaccination should be adjusted to 
avoid skin lesions elsewhere on the body, and 
in older children to avoid the warmer months. 


* Data supplied by the Preventive Medicine Divi- 
sion, Office of The Surgeon General. 

+ In Great Britain contacts are kept under observa- 
tion for 12 days after exposure, even though vacci- 
nated on the first day after exposure. 

tIn Great Britain, 1 linear superficial insertion, 
one-half inch in length to be covered by a protective 
dressing, is officially recommended, and primary vac- 
cination not before 2 months of age. 
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Particular care should be used in primary 
vaccinations in persons beyond the age of 
infancy. Previous immunity is not shown by 
the result of a vaccination unless a fully 
potent vaccine was used which had been kept 
continuously below freezing from the time of 
manufacture until the hour of use. 


Smallpox vaccine is prepared from ma- 
terial collected from vaccinal lesions on the 
skin of calves; the virus in it is active or 
infectious. Methods of preparation and 
standardization of such calf-lymph virus, 
as well as the proper way of handling the 
material from the time it is manufactured 
until used for vaccination of human beings 
against smallpox, are carefully controlled. 
Regulations in force in the United States 
regarding these matters have been set forth 
in detail by the National Institute of 
Health (1946) ; those in force in the United 
Kingdom have been described by Blaxall 
(1930a). 

There are three general types of reaction 
displayed by human beings inoculated with 
smallpox vaccine, namely, primary take, 
vaccinoid reaction or accelerated take, and 
immune reaction. Plate 2 accurately por- 
trays in color these reactions at different 
times after vaccination. A primary reac- 
tion or take represents an infection with 
cowpox virus in an individual who has 
had no previous infection with an agent 
of the variola-vaccinia group. In this type 
of reaction, an inflammatory lesion de- 
velops at the site of vaccination after an 
incubation period of several days and pro- 
gresses through the stages of vesiculation, 
pustulation and scab formation. At. the 
height of the cutaneous reaction lympha- 
denitis may develop in the nodes draining 
the area, and fever of several degrees 
may occur. A true exanthem, or generalized 
vaccinia, such as that induced regularly by 
variolation, occurs only rarely after vac- 
cination. This is most likely to take place 
in children with skin diseases. Therefore, 
children with skin lesions, particularly 
eczema, should not be vaccinated unless 
definitely exposed to smallpox. 

An immune reaction following vaccina- 
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tion represents an allergic response to vac- 
cinal materials; this appears rapidly, 
quickly goes through its cycle, and subsides 
without being accompanied by a constitu- 
tional reaction. It should be emphasized 
that an immune reaction can be obtained 
with inactive virus as well as with infec- 
tious material (Hooker, 1929; Craigie and 
Wishart, 1933). Although inactive virus 
will induce an immune reaction in a person 
already immune to smallpox, it will not 
protect a susceptible individual against the 
disease. Too often in military medicine and 
in large scale vaccination programs in Civ- 
ilians, proper observation of the response 
of each person is not made. As a result, the 
vaccinator is apt to judge the potency of 
the lymph used on the basis of the early re- 
sponse or immune reaction of a few indi- 
viduals. If the vaccinator assumes that all 
of the people received potent vaccine be- 
cause of an immune response in a few, he 
may be misled about the current state of 
resistance to smallpox of the whole group; 
he might have used an inactive virus. It 
should also be emphasized that improper 
administration of active virus or the ad- 
ministration of inactive virus may result 
in no cutaneous response. This is not an 
immune reaction; it is “no reaction” and 
should be recorded as such; any person 
showing no reaction should be revaccinated. 

A vaccinoid reaction following Jennerian 
prophylaxis represents a modified infection 
in a partially immune person. It is more 
rapid in onset and less severe than a pri- 
mary reaction but appears later and is 
more intense than an immune response. A 
vaccinoid reaction is only obtained when 
active virus is administered in the proper 
manner. Therefore, the occurrence of vac- 
cinoid reactions in members of a group 
being immunized indicates that potent 
lymph was used. 

The standard smallpox vaccine is pre- 
pared in calves, and the multiple pressure 
method is the standard way of administra- 
tion. However, in various parts of the world 
animals other than calves are used to pre- 
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pare vaccine. Furthermore, many workers 
have grown vaccine virus for Jennerian 
prophylaxis in tissue cultures or in em- 
bryonated eggs; these methods provide 
bacteriologically sterile material for in- 
oculation, and the materials are readily 
lyophilized without loss of potency. Such 
stable, dried preparations are particularly 
useful in tropical climates where refrigera- 
tion during storage and transportation is 
difficult to obtain. Three general types of 
culture virus have been used: the lyophil- 
ized, tissue-culture virus of Rivers and 
Ward (1935); the glycerolated virus from 
the infected chorio-allantois of an embryo- 
nated hen’s egg prepared by Goodpas- 
ture, Buddingh, Richardson and Anderson 
(1935); and the lyophilized, plasma-clot- 
culture virus of Plotz (1939). The in- 
tradermal inoculation of certain of the 
culture viruses is recommended by some 
workers. Some tissue-culture strains are 
known to become relatively avirulent dur- 
ing propagation, and vaccination with them 
does not elicit so good an immunity as 
might be desired (Rivers, Ward and Baird, 
1939). In general, culture or egg-grown 
virus has not been widely accepted as a 
prophylactic vaccine against smallpox. 
There are numerous reasons for this atti- 
tude, but none of them, in the writer’s 
opinion, presents insurmountable obstacles 
to the future use of dried, bacteriologically 
sterile vaccine virus for Jennerian prophy- 
laxis. 


VACCINIA 


(Synonym: Cowpox) 


HIsTory 


The history of vaccinia is intimately as- 
sociated with the subject of smallpox. Vac- 
cine virus derives its medical importance 
from its capacity to induce immunity to 
variola, an observation originally made by 
Jenner (1798). The naturally occurring dis- 
ease of cattle is of minor importance in 
veterinary medicine (Blaxall, 1930b). 
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CLINICAL PICTURE 


Naturally acquired cowpox of man is an 


occupational disease limited to persons, 
handling infected 
cattle. The disease is characterized by one 


or more nodules, vesicles or pustules on the 


particularly milkers, 


hands. Constitutional symptoms are mild, 
and, if a generalized eruption appears, it is 
usually sparse and heals within a week 
without scarring (Davies, Janes and Downie, 
1938). Vaccinal infections of the finger de- 
velop partially immune 
laboratory workers who handle highly in- 
fectious material while suffering from 
minor cuts and abrasions. These represent 
immune or vaccinoid types of reaction, but 
because of the anatomic structure of the 
involved area they may behave like a felon 
of bacterial origin and may require surgical 
relief. 


occasionally in 


PATHOLOGIC PICTURE 


Naturally acquired cowpox of man is a 
mild disease with a negligible mortality and 
the pathology has not been described. The 
pathologic changes encountered in calves 
and rabbits infected with vaccine virus are 
given in detail by Tyzzer (1904) and those 
found in various animal species infected by 
different routes with various strains of the 
agent are reviewed at length by van 
Rooyen and Rhodes (1940). 


EXPERIMENTAL INFECTION ; Host RANGE 


Purposeful inoculation of man with cow- 
pox virus, called vaccination, has been 
practiced since Jenner's classical observa- 
tions (1798) on the immunity against small- 
pox induced by infection with this agent. 
The experimental disease thus obtained was 
discussed in considerable detail in the sec- 
tion on measures for the control of small- 
pox. Generalized vaccinia occasionally oc- 
curs following routine vaccination, and 
postvaccinal encephalitis develops very 
rarely. An enormous amount of work has 
been done on the latter complication (van 
Rooyen and Rhodes, 1940) ; the present 
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consensus is that this form of encephalitis 
is identical with that which follows other 
viral infections and antirabies treatment 
and is not caused by the direct action of 
the virus of vaccinia. During the outbreak 
of smallpox in New York City in 1947, 
more than 5,000,000 persons were vac- 
cinated, and five deaths occurred which 
were originally suspected of being at- 
tributable to postvaccinal encephalitis. 
Postmortem examinations on all five failed 
to reveal pathognomonic lesions of this dis- 
ease (Greenberg, 1947). 

There are several enzootic pock diseases 
of animals which are more or less similar to 
cowpox. Thus, horses, camels, goats, sheep, 
pigs, and rabbits have their own pock dis- 
eases (Findlay, 1936). Discussion in this 
chapter, however, will be centered around 
strains of vaccine virus used for investiga- 
tive work or for the production of vaccine 
for immunization of human beings against 
smallpox. These strains differ in certain 
respects one from another, and may differ 
from native cowpox virus (Downie, 1939). 

Most laboratory animals are susceptible 
to infection with the virus of vaccinia. The 
hosts most frequently used in studies on 
this agent are rabbits and embryonated 
eggs, but mice, monkeys and guinea pigs 
are occasionally useful. The virus produces 
infection when inoculated by a variety of 
routes and is capable of multiplying in 
tissues of ectodermal, mesodermal and 
endodermal origin. Vaccine virus has the 
capacity of becoming adapted to growth in 
almost all types of cell. As a result there 
exist many well-defined strains of the virus 
which characteristically grow best in cer- 
tain tissues. The seed strains of virus used 
on calves for preparing smallpox vaccine 
are thoroughly adapted to growth on the 
scarified skin and these are sometimes 
designated “dermal vaccine.” The C. L. 
(Connaught Laboratory) strain grown on 
the skin of rabbits has been extensively 
used for obtaining highly purified prepara- 
tions of elementary bodies of 
(Craigie, 1932) which in 


vaccinia 
turn have been 
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employed in studies on the nature of the 
virus (Smadel and Hoagland, 1942). There 
are the testicular and neural strains of 
vaccine virus (Noguchi, 1918; Levaditi et 
al., 1921), which were derived from dermal 
strains by serial passage in rabbits by the 
testicular and cerebral route, respectively. 
They differ from dermal strains in their 
disease-producing potentialities not only in 
the rabbit but also on the chorio-allantoic 
membrane of an embryonated egg (Bud- 
dingh, 1938). Changes in virulence of der- 
mal strains associated with continuous 
growth in tissue culture have been demon- 
strated (Rivers and Ward, 1935). Thus, a 
wide variety of lesions can be produced in 
experimental animals uy strains of vaccine 
virus which are antigenically and immuno- 
logically indistinguishable but which elicit 
under appropriate conditions cutaneous 
lesions, meningoencephalitis, orchitis, pneu- 
monia, or keratitis (van Rooyen and 
Rhodes, 1940). 


ETIoLocy 


Smadel and Hoagland (1942) stated that 
vaccine virus has been studied so diligently 
and successfully during the past decade 
that it now stands as the best-defined mem- 
ber of the group of animal viruses. Today 
vaccine virus still remains the best-defined 
animal virus, but certain others, e.g., influ- 
enza virus, are now almost as well charac- 
terized, Elementary bodies of vaccinia are 
spherical particles having a diameter of 
about 225 mu and are just discernible 
by ordinary microscopy. These structures 
were described by Buist in 1887 (Gordon. 
1937) and by Paschen (1906), both of 
whom considered them related to the infec- 
tious agent. Neither report was widely 
accepted at the time of its appearance, nor 
would the evidence presented be regarded 
today as conclusively demonstrating a re- 
lationship between the particles described 
and the infectious agent. However, infor- 
mation has accumulated which now indi- 
cates the soundness of the original hypoth- 
esis of these early workers. 
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Highly purified preparations of vaccine 
virus are prerequisite to studies dealing 
with the nature of the agent. Since the 
virus of vaccinia, like all other viral and 
rickettsial agents, is an obligate, intracellu- 
lar parasite, starting materials rich in the 
agent contain much nonviral, cellular de- 
bris. Methods for eliminating the nonviral 
material were developed gradually over a 
period of years (MacCallum and Oppen- 
heimer, 1922; Ledingham, 1931) and cul- 
minating in the technic of Craigie (1932) 
which is summarized in Chapter 3. In brief, 
it consists of infecting myriads of epider- 
mal cells of a rabbit and collecting the con- 
tents of the infected cells without appreci- 
able contamination by materials from nor- 
mal cells. The dermal pulp obtained in this 
manner is subjected to a series of washings 
and differential centrifugations, and even- 
tually yields a suspension consisting almost 
entirely of elementary bodies; from each 
rabbit, about 40 cc. of final suspension are 
obtained, which has an infective titer of 
10-° to 10~-! when tested intracutaneously 
in rabbits and contains from 1 to 2 mg. of 
virus by dry weight. Preparations of washed 
elementary bodies of vaccinia have also 
been obtained from suspensions of infected 
chorio-allantoic membranes subjected to 
differential centrifugation and tryptic di- 
gestion (Smadel and Wall, 1937); but these 
do not possess the state of purity attained 
in the suspensions from dermal pulp. 

Early attempts to associate elementary 
bodies with infectivity were essentially 
qualitative in character. Even as late as 
1932, the important observations of Eagles 
and Ledingham, which dealt with the corre- 
lation of elementary bodies with infectivity 
of virus filtrates, resulted from all-or-none 
experiments. Following the development 
of methods for obtaining highly purified 
suspensions of virus and _ for estimating 
accurately the infectivity of virus suspen- 
sions, quantitative correlation of elemen- 
tary bodies and infective units was under- 
taken. 

Parker(1938) applied statistical analysis 
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to results obtained by a highly accurate 
method for titrating the infectivity of a 
suspension of virus on a rabbit’s skin, and 
concluded that under appropriate condi- 
tions a single infective particle produces a 
lesion, Such deductions concerning a single 
infective particle need no assumption re- 
garding the structural nature of that par- 
ticle; they are equally valid regardless of 
whether the virus is as small as a molecule 
of albumin or as large as a bacterium. Ele- 
mentary bodies of vaccinia can be readily 
seen by ordinary dark-field microscopy. 
Using a special counting chamber and dark- 
field illumination, Parker and Rivers 
(1936b) estimated the number of elemen- 
tary bodies in a suspension and then deter- 
mined its infective titer. Although they 
found a direct between the 
values obtained by these two procedures, 
the authors concluded that their data did 
not justify a statement regarding the num- 
ber of elementary bodies in a single infec- 
tive unit, A somewhat different approach to 
the question was used by Smadel, Rivers 
and Pickels (1939) calculated the 
weight of a single, dehydrated elementary 
body and found it to be 5.34 x 10 19 grams. 
They then determined the number of infec- 
tive units in a series of preparations of 


correlation 


who 


washed elementary bodies, and, after drying 
the preparations and determining their 
weights, calculated the number of elemen- 
tary bodies which would be required to give 
such weights. The ratios of elementary 
bodies to infective units were calculated for 
seven consecutive preparations ; these varied 
between 2.1:1 and 9.2:1, with an average of 
42:1. There are several factors inherent in 
this method of experimental approach 
which would tend to make the ratios greater 
than unity, for example, the presence in a 
preparation of inactive virus particles, ag- 
oregates of particles, and nonviral material. 
In view of these variables, the fact that the 
ratio of elementary bodies to infective 
units approached unity is considered good 
evidence for believing that under proper 
conditions a single active elementary body 
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represents a single infective unit of vaccine 
virus. Hence, the elementary body is the 
virus. 

Electron microscopy has contributed 
much to the understanding of the morpho- 
logic structure of the virus of vaccinia. 
Green, Anderson and Smadel (1942) ob- 
served that elementary bodies had six rec- 
tangular surfaces so arranged that their 
three-dimensional shape was more bricklike 
than cuboidal. Evidence of some sort of 
internal structure in elementary bodies, 
similar to that seen in bacteria and ricket- 
tsiae, was also obtained. The virus particles 
regularly contained a_ centrally-located, 
spherical area having increased density to 
penetration by the electronic beam which 
was surrounded by four smaller areas of 
similar density. An electron micrograph de- 
picting these features is presented in the 
frontispiece. Sharp, Taylor, Hook and 
Beard (1946) interpreted their electron 
micrographs of gold-shadowed elementary 
bodies as indicating these structures to be 
more cylindrical than bricklike. An  ele- 
mentary body is surrounded by a mem- 
branelike structure, since treatment with 
dilute alkali results in swelling of the par- 
ticle which is followed by the appearance 
of breaks in its surface through which a 
protoplasmlike substance can be seen, in 
occasional micrographs, in the act of 
streaming out (Green et al., 1942). The 
dimensions of elementary bodies estimated 
by electron microscopy are slightly less 
than those calculated from ultracentrifuga- 
tion data. This is to be expected, since 
dehydrated particles are examined in the 
ultramicroscope, while hydrated ones are 
studied in the analytical centrifuge. 

Several methods have been employed for 
estimating the size of vaccine virus. Buist, 
using ordinary microscopy in 1887 (Gordon, 
1937), concluded that its diameter was 
about 150 mu. Experiments conducted by 
workers during the period between 1930 
and 1940 provided through — ultrafiltra- 
tion and ultracentrifugation values (van 


Rooyen and Rhodes, 1940) in the range 
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from 125 to 252 mu, which are in fairly 
close agreement considering the technical 
difficulties involved. The writer prefers the 
figure 236 mu (Pickels and Smadel, 1938) 
which was calculated with the aid of the 
sedimentation constant of the primary 
sedimenting boundary of a suspension of 
elementary bodies in dilute buffer solution, 
namely, 4910 Svedberg units. 

The density of elementary bodies has 
been estimated by determining the sedi- 
mentation rate of the particles in solutions 
of different specific gravities. When par- 
ticles are unaffected by the suspending 
medium, their sedimentation rate decreases 
proportionately to increases in density of 
the menstruum, until ultimately no sedi- 
mentation occurs at the point where the 
density of the particles and medium are 
equal. Smadel, Pickels and Shedlovsky 
(1938) observed that elementary bodies, 
suspended in sucrose solution having a spe- 
cific gravity of 1.25, moved neither up nor 
down in an analytical centrifuge, and con- 
cluded that in this medium the virus had a 
density equal to that of the sugar solution. 
However, experiments in which solutions of 
varying concentrations of urea, glycerol, or 
sucrose were used as suspending media pro- 
vided data which could best be accounted 
for by assuming that the virus particles re- 
sponded to osmotic influences in a manner 
more or less similar to that of erythrocytes. 
Therefore, they regarded the value of 1.25 
as representing the density of a dehydrated 
elementary body and estimated the density 
of the virus particle in distilled water, or 
very dilute buffer solution, as being 1.16. 
Subsequently, Lépine, Levaditi and Giun- 
tini (1942) compared the sedimentation 
rates of elementary bodies in NaCl solu- 
tions prepared with ordinary water and 
with heavy water (D20), respectively, and 
estimated that the density of the hydrated 
virus particle is 1.28. McFarlane, Macfar- 
lane, Amies and Eagles (1939) applied 
direct pyknometric measurements to dried 
elementary bodies and obtained a value of 
1.26. Thus, the density of vaccine virus 
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varies somewhat under different conditions 
of hydration and when suspended in solu- 
tions of different ionic and osmotic prop- 
erties; it lies somewhere between that of 
bacteria, 1.10, and proteins, 1.33. Changes 
in the density of elementary bodies which 
were noted in solutions of urea, glycerol 
and sucrose may not necessarily prove that 
the surface of a virus particle acts as a 
semipermeable membrane. The virus might 
respond similarly if it were a gellike struc- 
ture without a superficial membrane as 
postulated by McFarlane and co-workers 
(1939), 

Data on the nature and constituents of 
the surface of an elementary body have 
been obtained by immunologic and physical 
methods. The virus particles are aggluti- 
nated by antibodies against LS and NP 
antigens, substances that will be described 
later; therefore, the LS protein and the NP 
nucleoprotein constitute part of the surface 
mosaic. Evidence that these antigens make 
up an appreciable portion of the surface 
area is supplied by the observation that 
the mobility of elementary bodies in an 
electrophoretic apparatus is close to that 
of LS and NP (Shedlovsky and Smadel, 
1940). Indeed, a mixture of elementary 
bodies and collodion particles coated with 
heated LS antigen migrates as a single 
boundary in an electrical field, whereas a 
mixture of virus and collodion particles 
coated with rabbit-serum proteins yields 
two distinct boundaries which move at 
different speeds (Smadel, Pickels, Shedlov- 
sky and Rivers, 1940). The role of lipids in 
the surface structure remains to be de- 
termined; cholesterol can be removed with- 
out affecting the electrophoretic mobility, 
but procedures which extract neutral fat 
and phospholipid are sufficiently drastic to 
make it difficult to perform such studies on 
elementary bodies. 

Elementary bodies of vaccinia contain 
the following chemical constituents in the 
percentages listed: carbon, 33.7; nitrogen, 
15.3: phosphorus, 0.57; copper, 0.05; total 
lipids, 5.7, consisting of cholesterol, 1.4, 
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phospholipid, 2.2, and neutral fat, 2.2: re- 
ducing sugars, 2.8; and thymonucleic acid, 
5.6 (Hoagland, Smadel and Rivers, 1940: 
Hoagland, Lavin, Smadel and Rivers, 1940: 
Hoagland, Ward, Smadel and Rivers. 
1941a). Only cholesterol among the sub- 
stances mentioned appears not to be an 
integral part of the virus; it can be removed 
by extraction with ether without reducing 
the infectivity of a preparation. Practically 
all of the phosphorus and the reducing 
sugars are contained in the thymonucleic 
acid fraction, The copper in the virus is 
firmly bound to some constituent, presum- 
ably protein, No iron is demonstrable in 
elementary bodies. 

A number of biologically active sub- 
stances have been found in appreciable 
quantities in preparations of elementary 
bodies; these include phosphatase, catalase, 
ribonuclease (Macfarlane and Salaman, 
1938; Macfarlane and Dolby, 1940), lipase, 
biotin and flavin (Hoagland, Ward, Smadel 
and Rivers, 1940; 1941b; 1942). Proof that 
these are integral constituents of the virus 
and not contaminating substances derived 
from cells in which the virus was grown has 
not been brought forward in most instances. 
The capacity of the virus particles to ad- 
sorb certain of the enzymes on the surfaces 
and to hold them firmly through repeated 
washings has been demonstrated. Evidence 
for the presence of biotin and flavin in the 
virus itself is more convincing than that for 
the enzymes, 

Close immunologic relationship between 
vaccinia and variola was well established 
long before the agents of the diseases were 
classified as viruses and before the subject 
of immunology was recognized. Jenner's ob- 
servations (1798), in which man served as 
the experimental host, proved that infection 
with vaccinia protected against variola. 
Sacco (1801, cited by Blaxall, 1930a) 
showed that variolation performed during 
the first five days after vaccination elicited 
only a local pustule and that after the 
eleventh day it did not induce even a local 
lesion, Conversely, vaccination performed 
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during the prodromal stage of smallpox 
gives a take but does not do so when per- 
formed after the eruption has been present 
for several days. Monkeys convalescent 
from vaccinia are resistant to variola and 
vice versa, but numerous workers have 
believed that variola protected less well 
against vaccinia than did vaccinia against 
variola (Brinckerhoff and Tyzzer, 1906; 
Gordon, 1925; Blaxall, 1930a: da Cunha 
and Teixeira, 1934). Antibodies which ap- 
pear in the sera of animals or human beings 
infected with either the virus of vaccinia or 
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that of variola are capable of neutralizing 
the heterologous virus. In studies of this 
type, Schneider (1923) inoculated a rabbit’s 
cornea with a mixture of human variola 
serum and vaccine virus (at the present 
time the skin of the rabbit would probably 
be used instead of the cornea) ; for the re- 
ciprocal cross, Bohls and Irons (1942) used 
antivaccinal rabbit serum, variola virus and 
the chorio-allantoic membrane of an em- 
bryonated hen’s egg. Chapter 3 contains a 
full discussion of the neutralization test and 
its use in vaccinia, It is of historical interest 
that in 1877 Raynaud demonstrated passive 
immunity to vaccinia by means of conva- 
lescent serum, and that the first neutraliza- 
tion test with any viral agent was performed 
in 1892 by Sternberg who used vaccinal 
immune serum to inactivate vaccine virus. 

The in vitro serologic reactions obtained 
with vaccinal materials were studied early 
in the 20th century, both flocculation 
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(Tanaka, 1902) and complement fixation 
(Jobling, 1906) being employed. The field 
remained chaotic until 1925 when Gordon 
established these reactions on a firm basis. 
Craigie (1932) recognized the existence of 
a soluble antigen in tissue suspensions rich 
in virus. This noninfectious substance is 
readily separated from the elementary bod- 
ies by filtration through a Seitz pad or by 
high-speed centrifugation, and is demon- 
strable by precipitation or complement- 
fixation technics, Craigie and Wishart 
(1936b) subsequently found that the sol- 
uble substance contained a heat labile Cha) 
and a heat stable (S) factor which occurred 
in close combination (LS) in solution, and 
that it constituted part of the surface of 
an elementary body. Craigie and Wishart 
(1936c) described a simple method of iso- 
electric precipitation for concentrating and 
partially purifying LS antigen. Modifica- 
tions of this method yielded pure LS anti- 
gen which possessed the properties of a 
protein molecule with a molecular weight 
of 240,000 (Shedlovsky and Smadel, 1942). 
LS antigen is specific for the variola- 
vaccinia viruses; samples of it are serologi- 
cally indistinguishable regardless of whether 
they are obtained from human crusts or 
chorio-allantoic membranes infected with 


variola virus, or from tissues of calves, 
rabbits, guinea pigs, or embryonated eggs 


infected with the virus of vaccinia (Smadel 
and Hoagland, 1942), 

The LS protein is of considerable immu- 
nologic interest even though it is incapable 
of inducing either immunity or neutralizing 
antibody against the virus, The LS antigen 
provides the first example of a single native 
protein molecule capable of eliciting two 
distinct antibodies. Furthermore, both the 
L and S parts of the molecule can be de- 
graded independently by appropriate treat- 
ment (Smadel and Rivers, 1942; Shedlov- 
sky and Smadel, 1942: Smadel, Hoagland 
and Shedlovsky, 1943). The results of a 
series of degradations of LS 
logic means used for their 


and the sero- 
detection are 
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summarized in Chart 22. The native LS 
protein precipitates with either L or S anti- 
body. Each serologically active part of the 
antigen, when subjected to the first stage of 
degradation, combines with its antibody but 
does not form a visible precipitate; this 
antigen-antibody reaction is demonstrable 
by an inhibition technic, that is, the com- 
bined antibody fails to react with native 
antigen added to the mixture. Completely 
degraded antigen does not react with anti- 
body as shown by the results of precipita- 
tion and inhibition tests, Demonstration of 
different degradation products of LS pro- 
tein, which in precipitation tests appear to 
represent either pure L or pure S substance, 
clarified confusion regarding relationship of 
these two precipitinogens, The viruses of 
variola and vaccinia agglutinate red blood 
cells. The role of the LS antigen in this 
hemagglutination reaction remains to be de- 
termined, but the hemagglutinin appears to 
be associated with the soluble antigen and 


not with the virus particle (Burnet and 
Boake, 1946; Burnet and Stone, 1946). 
The NP antigen represents another im- 
munologically specific constituent of the 
virus of vaccinia (Smadel, Rivers and 
Hoagland, 1942). It is obtained from ele- 


mentary bodies by extraction with dilute 
alkali and constitutes at least half of the 
substance of a virus particle. The antigen 
is a nucleoprotein containing 6 per cent 
thymonucleic acid. It is insoluble in the pH 
range between 4.5 and 7.5, but dissolves at 
pH 8.0; precipitin and complement-fixation 
tests are most conveniently carried out in 
solutions buffered at pH 8.0 to 8.5, Anti- 
bodies which react with the NP antigen 
are found in the sera of several species of 
animals following hyperimmunization with 
active vaccine virus, Furthermore, injection 
of noninfectious alkaline extracts of ele- 
mentary bodies, which contain about 90 per 
cent NP antigen, elicits specific precipitins 
in rabbits, but the sera from such animals 
do not neutralize the virus nor are the ani- 
mals resistant to infection. Further evidence 
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for the specificity of the NP antibody and 
the neutralizing substance of vaccinia is 
brought out by absorption tests; removal 
of the NP antibody does not materially 
affect the neutralizing capacity of a serum. 
Neutralizing antibodies can be absorbed 
from antivaccinal sera by appropriate mate- 
rial, i.e., active elementary bodies (Salaman, 
1937). The NP antigen has not 
searched for in the elementary body of 
variola and antivariola sera have not been 
tested for their capacity to react with this 
antigen, 

LS and NP antigens make up an appre- 
ciable portion of the surface of an ele- 
mentary body, and elementary bodies are 
agglutinated by L, S, and NP antibodies. 
Hyperimmune sera apparently contain an- 


been 


other agglutinating antibody which has been 
designated as X agglutinin (Craigie and 
Wishart, 1936b,c; Smadel, Rivers and 
Hoagland, 1942), The exact nature of the 
X agglutinin and its relation to other anti- 
bodies of vaccinia which are demonstrable 
either in vivo or in vitro remain to be 
determined. 

The antigenic fraction in the active virus 
of vaccinia which is responsible for eliciting 
resistance to infection and neutralizing anti- 
body is unknown, It is evident from the 
preceding paragraphs that the noninfectious 
antigens which have been separated from 
the elementary bodies are incapable of 
producing these phenomena. Repeated at- 
tempts to induce an immune state or 
appreciable quantities of neutralizing anti- 
body with virus inactivated by heat, phenol, 
formalin, or alcohol have generally been 
fruitless (Bland, 1932; Parker and Rivers, 
1936a; Donnally and Weil, 1940; McClean, 
1945), In those instances where slight bene- 
ficial effects were obtained, the amounts of 
virus required were relatively enormous; 
thus, the immunization of man with inac- 
tive vaccine virus remains an impracticable 
procedure, 

The state of nutrition and hormone bal- 
ance of an animal affects the growth of 


sae 


vaccine virus and the lesions it induces. The 
size of a cutaneous vaccinal lesion in rab- 
bits is reduced by malnutrition (Sprunt, 
1942a) and by local edema of tissues 
(Taylor and Sprunt, 1943). Similarly, the 
susceptibility of rabbits is reduced by ad- 
ministration of estrogenic hormones (Sprunt 
and McDearman, 1940), and methionine 
and choline (Sprunt, 1942b). 

A wide variety of substances is capable 
of altering to some extent the growth of 
vaccine virus in tissue culture. Of particular 
interest are the findings of Thompson 
(1947) who showed that the addition of 
certain substituted amino acids had some 
inhibitory effect on multiplication of the 
virus while sulfadiazine did not. Penicillin, 
10 units per cc., has no effect on the growth 
of virus in tissue cultures, and 500 units of 
the substance was not virucidal in infected 
embryonated eggs (Parker and Diefendorf, 
1944) ; however, appreciable in vitro inac- 
tivation of virus results from incubation of 
it with relatively large amounts of commer- 
cial penicillin (Gohar and Bashatli, 1946; 
Groupé and Rake, 1947). In search for fun- 
damental knowledge and a satisfactory 
chemotherapeutic agent, many substances 
have been tested on vaccine virus with 
negative results. These are listed in the 
papers referred to above and in that of 
Andrewes, King and van den Ende (1943). 

The virus of vaccinia is one of the more 
stable viral agents. It can be stored for 
long periods of time in glycerol when 
properly refrigerated, or for years in the 
frozen state at —10° C. or lower tempera- 
tures, without appreciable reduction in ac- 
tivity (Blaxall, 1930a). Lyophilized vaccine 
virus has been used for Jennerian prophy- 
laxis (Rivers and Ward, 1935). The loss in 
infectivity which results from lyophilization 
is relatively slight when compared with that 
which accompanies lyophilization of many 
other viruses or bacteria; for example, in 
one lot of virus the elementary body- 
infective unit ratio was 3.7:1 before drying 
and 241:1 after drying (Hoagland, Smadel 
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and Rivers, 1940). The virus is readily in- 
activated by ultraviolet light, X-ray radia- 
tion, photodynamic action of a number of 
dyes in the presence of ordinary light, and 
a number of antiseptics (van Rooyen and 
Rhodes, 1940). 

Observations of Lea and Salaman (1942) 
on inactivation of elementary bodies of 
vaccinia by radiation are of fundamental 
interest in their contribution toward an 
understanding of the nature of the virus. 
These workers concluded that the virus 
possessed genes and that these were not 
present in a compact mass but were either 
distributed throughout the particle or con- 
fined to a nucleus of a diameter of at least 
half that of the particle. The internal 
structure of the virus particle as revealed 
by electron microscopy and the presence of 
a nucleoprotein (NP antigen) which makes 
up about half of the mass of the elementary 
body may be regarded as not inconsistent 
with the idea of Lea and Salaman; at least 
they provide structural and biochemical 
data of the type which would be required 
in such a hypothesis. 


DIAGNOsIs 


Diagnosis of naturally acquired COWpox 
in man or of induced vaccinia is usually 
simple on the basis of the history and the 
cutaneous lesions, Laboratory procedures 
outlined in the section on diagnosis of vari- 
ola are applicable to vaccinia. 


TREATMENT 


Treatment is symptomatic, 


EPIDEMIOLOGY 


Cowpox is a contact infection acquired 
during the handling of infected cattle. 


Controt MEasures 


No control measures are indicated in re- 
gard to the natural disease. Persons who 
propose to work with vaccinia should be 
vaccinated or revaccinated prior to initia- 
tion of the work. 
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Psittacosis-Lymphogranuloma Group 


The infective agents of psittacosis of 
birds and man, lymphogranuloma venereum 
of man, and murine and feline pneumonitis 
have been tentatively placed in a group that 
appears to be intermediate between the 
rickettsiae and viruses. It is premature to 
follow the taxonomy proposed by Mosh- 
kovsky (1945), who suggested the family 
name of Chlamydozoaceae and the genus 
Miyagawanella for the group. . 

Study of primary pneumonia in human 
beings not incurred by known bacteria has 
in recent years led to the discovery of viral 
agents indistinguishable from those causing 
psittacosis. Simultaneously, additional psit- 
tacosislike viruses have been isolated from 
the respiratory tract of apparently healthy 
or diseased mammals. Active agents which 
comprise this group are listed in current 
literature under the following names: 
meningopneumonitis virus (Francis and 
Magill, 1938); spontaneous mouse pneu- 
monitis virus (Génnert, 1941; Nigg and 
Eaton, 1944); Australian mouse pneumo- 
nitis virus (de Burgh et al., 1945); feline 
pneumonitis virus (Baker, 1944) ; a 
(San Francisco) human pneumonitis virus 
(Eaton, Beck and Pearson, 1941); Hlinois 
pneumonitis virus (Zichis and Shaughnessy, 
1945): Louisiana pneumonitis virus (Lar- 
son and Olson, 1946). Since the type rela- 
tion of agents long ago isolated from 


psittacine birds, pigeons, fulmars, willets 
and ducks, has not yet been definitely estab- 
lished, it is not surprising that the position 
of these comparatively new mammalian 
viruses as well as the nonavian viruses iso- 
lated from human patients is still under 
discussion, Facts acquired in recent years, 
however, emphasize that viral agents of the 
group are infective coccoid elementary 
bodies tinctorially demonstrable with basic 
dyes and readily seen under an ordinary 
microscope. Morphologically, this group of 
viruses is characterized by the formation of 
intracellular inclusion bodies which were 
first recognized as an integral part of the 
life cycle of the psittacosis and later of the 
lymphogranuloma The infective 
bodies usually have a diameter of 300 to 
450 mu and are held back partially or com- 
pletely by ordinary filters; they are readily 
propagated in the yolk sac of an embry- 
onated hen’s egg and in tissue cultures, All 
members of the group infect mice by the 
intranasal route, and some are infective by 
the intraperitoneal route. On the basis of 
complement-fixation tests they are anti- 
genically related, although neutralization 
tests may indicate sharp antigenic differ- 
ences. Distinction on the basis of reputed 
susceptibility to sulfonamide drugs is of 


questionable value. 


agent. 
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PSITTACOSIS 


(Synonyms: Ornithosis, parrot fever, 
psittacose, Papageienkrankhett ) 


INTRODUCTION 


Psittacosis, though an avian infection, is 
communicable to man. It may be a severe 
illness with a high mortality, affecting all 
ages and sexes, or a mild ambulatory or 
subclinical infection ; it is caused by an ele- 
mentary-body virus which develops in re- 
ticulo-endothelial cells. 


HIsToRY 


From a relatively obscure disease which 
was first recognized in Switzerland, then in 
France and Germany, human psittacosis be- 
came a malady of world-wide interest in 
1929-1930 when it appeared in twelve dif- 
ferent countries and involved from 750 to 
800 persons (Meyer, 1942). Careful in- 
quiries by Roubakine (1930) and by Barros 
(1940) indicate that South American parrots 
were the main source of the infection, The 
discovery of latent domestic psittacosis in 
parrakeets and pigeons by Meyer and Eddie 
(1933; 1947) established the independence 
of infective sources from imported exotic 
birds. Levinthal (1930), Coles (1930) and 
Lillie (1930) simultaneously discovered the 
minute spherical bodies within reticulo- 
endothelial cells, and Bedson and Bland 
(1932) and Bland and Canti (1935) con- 
clusively proved the etiologic relationship of 
the elementary bodies to infection. Propa- 
gation of the virus in embryonated eggs 
(Burnet and Rountree, 1935; Lazarus and 
Meyer, 1939) and in tissue culture (Yana- 
mura and Meyer, 1941) furnished suitable 
antigens for serologic studies. Demonstra- 
tion of the viral agent in the sputum of 
psittacosis patients (Rivers and Berry, 
1935) advanced diagnostic procedures, A 
neutralization test enabled Hilleman (1945) 
to differentiate the antigenic relationship 
of certain avian and mammalian strains. 
Recent observations on the high person-to- 
person communicability of psittacosislike 
agents give credence to the hypothesis that 
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nonavian, and possibly human strains, play 
a role in the ecology of psittacosis (Eaton 
et al., 1941; Meiklejohn et al., 1944; Olson 
and Treuting, 1944; and Zichis and Shaugh- 
nessy, 1945). 


CLINICAL PICTURE 


The incubation time when determined 
with certainty varies from 7 to 14 days, 
with a mean of ten days. In many clinical 
descriptions (Hutchison, Rowlands and 
Simpson, 1930; Peterson, Spalding and 
Wildman, 1930) the strikingly uniform 
manifestations of psittacosis so often con- 
fused with influenza, atypical pneumonia 
and typhoid fever, repeat themselves with 
remarkable regularity. The onset may be 
sudden, with chilly sensations, fever, ano- 
rexia, sore throat, malaise, photophobia 
and severe headache, or the beginning may 
be gradual and insidious. The fever at the 
onset is usually from 100° to 102° F. and 
gradually rises. During the second week, in 
severe Cases, it maintains itself at a high 
level with slight morning remissions, or it 
may fall to normal on the seventh or eighth 
day in mild cases. Termination by crisis is 
rare. Nose bleed occurs in 25 per cent of 
the cases. 

A slight, irritating, dry cough during the 
first few days persists or increases in in- 
tensity; however, despite extensive lung 
involvement, cough may be insignificant or 
absent throughout the entire illness. Spu- 
tum, always scanty, is sometimes entirely 
absent ; at first mucoid, it may later become 
mucopurulent. In rare instances, when sec- 
ondary infection is present, the sputum is 
blood tinged. Abnormal signs over the lungs 
are scanty, and the earliest demonstrable 
ones may be confined to an area of dullness, 
on percussion, at the base of either lung. 
Crepitations may be heard as early as the 
fifth day, The real extent of pneumonitis 
is usually not evident until roentgenologic 
examination has been made, which reveals 
patchy areas of consolidation over one or 
both lungs. Pleural reaction is generally 
slight or absent. Physical signs begin to dis- 
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appear by the third week, but X-ray exami- 
nations disclose a slow resolution. The rate 
and depth of respirations are not increased 
except in fatal cases, in which a rate as high 
as 60 has been observed. The relative slow- 
ness of the pulse is characteristic, but in 
nearly all fatal cases the pulse becomes 
rapid and weak. Cyanosis and low blood 
pressure may be marked; collapse at some 
time during the illness is common, Throm- 
bophlebitis may occur and cause death 
through pulmonary emboli, Insomnia, dis- 
orientation, apathy, mental depression and 
even delirium may occur in all except mild 
cases. Nausea and vomiting are common, 
and either constipation or diarrhea may be 
present. The spleen is palpable in very few 
cases. Albuminuria of varying degrees is 
not infrequent, and transient glycosuria has 
been reported. “Rose spot” rashes have 
been noted by Horder and Gow (1930). The 
leukocyte count is either normal or sub- 
normal; a definite leukopenia is present in 
only 25 per cent of the patients. Leuko- 
cytosis occurs late in the disease or in early 
convalescence. Relapses are by no means 
uncommon. 


PaTHOLoGic PICTURE 


The changes observed at necropsy are 
those of a viremia with destructive intlam- 
matory processes in the lungs (Lillie, 1933 ; 
Binford and Hauser, 1944). The consoli- 
dated areas are readily palpable and sharply 
demarcated from normal lung tissue. They 
appear as gray, gray-red or plum-colored 
lesions, The pleura may be smooth or ex- 
hibit petechiae and fresh fibrin deposits. 
A small amount of seromucoid fluid may be 
present in the trachea and bronchi, but in 
the majority of cases they are empty and 
the mucosa is not swollen. When the psit- 
tacotic process is complicated by secondary, 
bacterial invasion, the mucosa is swollen 
and the bronchi are filled with purulent 
exudate, Microscopic examination discloses 
that the areas, which, at first glance, ap- 
pear to be completely consolidated, consist 
of unevenly distributed lobular changes. 
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Alveoli containing air or serum are dis- 
persed throughout the consolidated portion 
of the lung. In fully developed lesions, the 
alveolar spaces contain an abundance of 
fibrin and many lymphocytes, macrophages 
and desquamated alveolar epithelial cells. 
Many cells in the alveolar exudate and in 
the lymph sinuses of the hilar lymph nodes 
show active phagocytosis and_ intracyto- 
plasmic elementary bodies, The relative ab- 
sence of polymorphonuclear leukocytes in 
the exudate and the minor change in the 
large bronchioles and bronchi give the pneu- 
monia in psittacosis a characteristic pat- 
tern, It is doubtless not absolutely specific, 
since in proved cases the lesions are similar 
to those seen in interstitial pneumonia asso- 
ciated with other viral agents. However, 
Binford and Hauser (1944) were able to 
find definite differences between the micro- 
scopic lung lesions of psittacosis and those 
of Q fever or other virus pneumonias, 

In the liver, which is slightly enlarged 
and congested, the characteristic micro- 
scopic lesions are focal necroses. Kupffer 
cells contain elementary bodies. The spleen 
shows an acute enlargement with relatively 
small follicles and engorged sinuses filled 
with phagocytic cells. Cloudy swelling and 
hypertrophy of the muscle are the principal 
changes in the heart. Varying degrees of 
degeneration involve the parenchyma of 
the kidneys. Hemorrhages and capillary 
thrombi have been observed in the adrenals 
of patients infected by the highly toxic 
Louisiana virus, Congestion and edema of 
the brain and spinal cord are not infrequent. 
Although Sprunt and Berry (1936) found 
no evidence of changes in the neurons, they 
noted proliferative and degenerative changes 
in the capillary endothelium and hemor- 
rhages which they attributed to toxic fac- 
tors secondary to the presence of pneu- 
monia. 


EXPERIMENTAL INrectTION ; Host RANGE 


The mouse may be infected by the intra- 
peritoneal, intravenous, subcutaneous, intra- 
nasal and intracerebral routes or by feeding. 
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The duration of the illness depends upon 
the amount, virulence and toxin-producing 
ability of the virus. Death ensues in from 
3 to 30 days with an average of 8 to 10 
days; occasionally, some mice recover. In 
animals infected by the subcutaneous route 
or by feeding, the course is always pro- 
tracted. Latent infections persisting for 10 
to 12 months have been observed (Meyer 
and Eddie, 1933; Bedson, 1938). At nec- 
ropsy two to four days after intraperitoneal 
inoculation, the spleen and liver appear nor- 
mal and the abdominal viscera are covered 
by a thin, sticky exudate consisting of endo- 
thelial cells and leukocytes usually packed 
with viral bodies. There are no lung lesions. 
At necropsy five to ten days after intra- 
peritoneal inoculation, the abdominal cavity 
is filled with a stringy, turbid, fibrinous 
exudate, rich in viral bodies; the enlarged 
liver and spleen are coated with a thick 
layer of fibrin, which is easily peeled off. 
Marginal necroses varying in size and num- 
ber are present in the liver. Psittacosis virus 
administered intranasally produces wide- 
spread consolidations of the lungs. Discrete 
foci of pneumonia are manifested as limit- 
ing infective dilutions of virus are ap- 
proached; these areas are gray, almost 
translucent, 1 to 3 mm. in diameter 
(Hornus, 1940; Rudd and Burnet, 1941). 
Virus injected intracerebrally causes irri- 
tability, ataxia, convulsive seizures and 
death within 3 to 6 days, The meninges are 
moist and deeply injected, Microscopically, 
the meningoencephalitis is characterized by 
an exudate of polymorphonuclear and mo- 
nonuclear cells, which extends along the 
blood vessels into the brain. 

Most strains of psittacosis virus are re- 
ported to have little effect on guinea pigs 
when inoculated intraperitoneally, except 
for a prolonged febrile reaction. However, 
strains recently isolated in Louisiana (Olson 
and Larson, 1945: Fite, Larson and Olson, 
1946) and California from human pneu- 
monitis cases have proved to be highly 
virulent for guinea pigs, irrespective of the 
route of inoculation, Some strains of psit- 
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tacosis virus produce fatal meningoencepha- 
litis in rabbits infected by the intracerebral 
route. Occasionally, extensive pneumonic 
consolidations are produced by intratracheal 
injections of virus (Rivers and Berry, 
1931a). Pocket gophers (Thomomys bottae 
bottae) are susceptible to subcutaneous in- 
fection (Hoge, 1934). Wild and white labo- 
ratory rats and deer mice (Peromyscus sp.) 
are not very susceptible to intraperitoneal 
infection. Syrian hamsters (Cricetus aura- 
tus), cotton rats (Sigmodon hispidus his pi- 
dus) and squirrels (Citellus beecheyi) 
may be successfully infected by the intra- 
nasal or intracranial route. Macacus rhesus 
monkeys may be infected by the intra- 
tracheal or intracerebral route (Rivers and 
Schwentker, 1934). Intraperitoneal inocu- 
lation of the Louisiana virus produced no 
ill effects and no gross lesions in animals 
sacrificed on the twenty-second day after 
injection (Olson and Larson, 1945). 
Parrakeets or love birds (Melopsittacus 
undulatus) from aviaries proved free from 
psittacosis are susceptible to intramuscular, 
intranasal and intracerebral infection. Im- 
mature birds readily contract an infection 
by exposure to sick birds which shed the 
virus in droppings. When death occurs dur- 
ing the acute stage, gross pathologic findings 
are a semipurulent coating over the air sac 
and the inner lining of the sternum, exudate 
in the pericardial sac, a large liver occa- 
sionally studded with areas of necroses 
or infarction surrounded by hemorrhagic 
zones, a large spleen sometimes spotted 
with necrotic areas, and large, soft kidneys; 
only rarely are lesions demonstrable in the 
lungs, At least 31 species of the parrot fam- 
ily act as spontaneous hosts to psittacosis 
Java ricebirds (Munia oryzivora), canaries 
(Serinus canaria), and various finches 
(Poephila, Cyanospiza) and sparrows (Zo- 
notrichia) of the order Passeriformes con- 
tract psittacosis when exposed to infected 
parrots or parrakeets. The domestic fowl 
(Gallus gallus) is Susceptible (Meyer and 
Eddie, 1942) to psittacosis virus by injec- 
tion or by exposure; many develop latent 
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infections and few succumb (Meyer, 1943). 
Pigeons (Columba livia) (Coles, 1940: 
Meyer, Eddie and Yanamura, 1942b: 
Smadel, Wall and Gregg, 1943 : Labzofisky, 
1947) and doves (Streplopelia risoria) are 
readily infected by intramuscular and intra- 
cerebral routes. Fatal intramuscular infec- 
tions are common in doves, while intra- 
cerebral injection is required to accomplish 
the same results in pigeons, Parrot or parra- 
keet psittacosis viruses rarely produce a 
fatal meningoencephalitis in pigeons, while 
intracranial inoculation of viruses isolated 
from pigeons and chickens regularly pro- 
duces fatal meningitis infection, even in 
birds with complement-fixing antibodies in 
their sera (Meyer, Eddie and Yanamura, 
1942a). Ducks (Anas platyrhynchos) are 
readily infected by the intramuscular route 
with pigeon and duck viruses (Meyer and 
Eddie, 1947). Occasionally, the disease ends 
fatally ; if the fowl recovers, the virus may 
persist in the liver and spleen for several 
weeks or as long as 50 days. Fulmars or 


petrels (Fulmar glacialis) (Haagen and 
Mauer, 1939), American herring gulls 


(Larus argentatus smithsonianus) (Meyer 
and Eddie, 1947) and willets (Catotrophus 
semipalmatus) are spontaneously infected. 


ETIOLOGY 


Bedson and Bland (1932), Levinthal 
(1930) and Bland and Canti (1935) demon- 
strated that elementary bodies of psitta- 
cosis, singly or in pairs, undergo a develop- 
mental cycle in the cytoplasm of host cells. 
In tissue cultures or in yolk-sac cells they 
increase rapidly in size, and become em- 
bedded in a homogeneous ground substance 
or matrix. These initial bodies at first divide 
into elements of comparable size, but as 
multiplication progresses the elements of 
division become smaller and smaller until 
the final elementary-body stage is reached. 
Yanamura and Meyer (1941) recorded the 
following phases of intracellular develop- 
ment: One or more elementary bodies, 
which are red when tinged according to 
Macchiavello’s method, or  black-purple 
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when stained with Castaneda’s method, in- 
vade a cell and incite the formation of a 
common matrix, Later, the virus particles 
are dispersed at opposite ends of a cell, and 
each group is surrounded by a separate 
matrix, thus inducing double or triple foci 
of infection within a cell, These large forms 
measure 2 to 12 m« in diameter and corre- 
spond to the plaques of Bland and Canti, 
and to the inclusion bodies of Levinthal. 
The matrix of these homogeneous inclusion 
bodies is blue-green when stained accord- 
ing to Macchiavello’s method, and, since it 
is not densely colored, the virus particles 
themselves are readily recognized, Within 
18 or 24 hours after infection this first 
phase of development is completed. The 
Virus particles then begin to multiply pro- 
fusely, and decrease in size to form typical 
elementary bodies. As the matrix becomes 
less dense, tinctorial differences become ap- 
parent; the larger virus particles stain blue 
and the smaller forms, red. Electron micro- 
graphs suggest that a capsular substance 
may be responsible for the varying tinctorial 
reactions. In living preparations, the initial 
particles, which are immobile in the origi- 
nally rigid homogeneous inclusion bodies, 
increase in motility until finally in’ the 
flexible virus colony the elementary bodies 
undergo rapid oscillatory movement. This 
change more or less coincides with the con- 
version from blue to red staining reactions. 
The inclusion body is always surrounded 
by a definite membrane which persists when 
in a multiple infection of the cytoplasm 
one or two colonies coalesce; a free dis- 
persal of the elements of a colony through 
the cytoplasm is rarely observed. By the 
forty-eighth hour the matrix of the inclu- 
sion body presents evidences of liquefaction 
and the elementary bodies have become so 
numerous that they may fill the entire 
cytoplasm of the cell. Death and rupture 
of the host cell release myriads of ele- 
mentary bodies, which are then capable of 
repeating the cycle in new cells. Levinthal’s 
(1935) observation that in damaged cells 
the virus multiplies without a definite 
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matrix formation is readily demonstrated 
in tissue cultures, in which the embryonic 
cells are merely surviving, The initial bodies 
in the plaques are always larger than the 
parent organisms and must be low in viru- 
lence, since they find it difficult to enter 
new cells. That these cytoplasmic plaques 
or inclusion bodies are true virus colonies 
made up of elementary bodies is conclu- 
sively established. It is only the exact 
nature of the matrix which remains uncer- 
tain. Although findings in tissue cultures 
strongly indicate that it may be a product 
of the cytoplasm, it must be recalled that 
Findlay (1938b) suggested that it may be 
a secretory product of the elementary 
bodies. 

Elementary bodies of psittacosis are usu- 
ally retained by Berkefeld V, W and N and 
Chamberland L3 filter candles and Seitz 
EK filter pads. Collodion membranes with 
an average pore size of 0.6 w give filtrates 
having as much virus as the original ma- 
terial. The largest elementary bodies ob- 
served in photomicrographs measure 380 
mu, and the smallest 280 mu (Lazarus and 
Meyer, 1939), while according to Kurotchkin 
et al. (1947) in electron micrographs the 
mean diameter of the spherical elements is 
455 + 78 mu. Centrifugation for from six 
to eight hours at 15,000 r.p.m. deposits the 
major portion of the virus. Exposure to 
56° C. for 30 minutes does not completely 
inactivate the virus ; it is readily inactivated 
at 60° C. for ten minutes, Crude, heavy 
suspensions in broth may remain infec- 
tious at +4° C. for several weeks, but 
preparations of elementary bodies in buff- 
ered saline are noninfectious 29 days after 
Storage, Frozen at —70° C., the virus re- 
mains active for over 2 years, When pre- 
served in 50 per cent glycerol in buffered 
saline with a pH 7.6 and held at +4° C,, 
heavy suspensions retain their activity for 
from 10 to 20 days. Sputum and human 
lung specimens rapidly lose potency in 
glycerol, Formalin (0.1 per cent) and phenol 
(0.5 per cent) inactivate psittacosis virus 
in 24 or 36 hours, while 10 per cent ether at 
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room temperature is destructive within 30 
minutes, 

Psittacosis virus is readily grown in tis- 
sue cultures of the Maitland, Li-Rivers and 
Zinsser-FitzPatrick types (Yanamura and 
Meyer, 1941). More recently, the roller- 
tube-tissue technic has come into use ( Mor- 
gan and Wiseman, 1946). Successful propa- 
gation of the virus in the chick embryo 
infected by the chorio-allantoic, amniotic, 
allantoic and yolk-sac methods provides 
highly infective suspensions needed in sero- 
logic and immunologic studies (Beveridge 
and Burnet, 1946). According to Rake and 
Jones (1944), yolk sacs infected with men- 
ingopneumonitis virus when shaken with 
amniotic or allantoic fluid are toxic to mice 
on intravenous or intraperitoneal injection. 
This toxin is labile and is not readily 
separated from the elementary bodies. Spe- 
cific antitoxins produced in rabbits and 
chickens are claimed to be effective against 
a few, lethal doses. Bedson (1936) found 
that the psittacosis virus contains at least 
two antigens, one a heat-labile antigen de- 
stroyed by temperatures above 60° C., the 
other able to withstand boiling. During in- 
fection, antibodies against both antigens 
are produced. Although the relation of anti- 
bodies against the heat-stable antigen to 
immunity against infection is not known, 
they constitute a reliable index of infection. 
The heat-stable antigen is ether soluble, 
and in all probability is common to the 
entire lymphogranuloma-psittacosis group 
(Hilleman and Nigg, 1946), Nothing defi- 
nite is known about the antigens which give 
rise to antibodies responsible for the high 
species-specific protection against different 
members of the lymphogranuloma-psitta- 
cosis group (Hilleman, 1945), 

Individuals recovering from an attack of 
psittacosis are generally believed to be re- 
sistant to reinfection. However, Rasmussen- 
Ejde (1938) reported on two women who 
contracted the fulmar disease a second 
time, and Meyer (1939-1940) and Wencke- 
bach (1936) presented data on proved sec- 
ond attacks. Apparently, immunity is not 
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absolute, and the residual virus held in cer- 
tain tissues is not always in innocuous 
equilibrium, A viral agent endowed with 
the ability to persist in the tissues occasion- 
ally produces a carrier stage after recovery, 
and a patient who continues to shed virus 
in the sputum eight years after a severe 
psittacosis infection was recently discovered 
by Meyer and Eddie (1947). 

Early reports on immunity (Rivers, Berry 
and Rhoads, 1930; Bedson, 1933) empha- 
sized that neutralizing antibodies were not 
demonstrated in sera of convalescent pa- 
tients. Later, by using a very delicate 
technic, Rivers and Schwentker (1934) 
found that monkeys recovered from psit- 
tacotic pneumonitis or vaccinated with ac- 
tive virus possessed small amounts of neu- 
tralizing antibodies in their sera, and that 
some human beings who gave a _ history 
of psittacosis possessed demonstrable neu- 
tralizing antibodies. In the hands of Hille- 
man (1945), the neutralization test proved 
valuable in identifying the members of the 
lymphogranuloma-psittacosis group. By in- 
traperitoneal inoculation of virus in chick- 
ens or rabbits, he prepared neutralizing 
antisera of relatively high titer and sharp 
specificity, and by the use of such sera, 
noted that the pigeon virus and meningo- 
pneumonitis virus of Francis and Magill 
are similar to each other and different from 
other agents, that murine pneumonitis 
viruses are similar to each other but dif- 
ferent from all other agents, and that the 
lymphogranuloma virus is different from all 
other agents thus far tested. The protec- 
tive effect of the antisera on experimental 
infections has likewise been demonstrated. 
Bedson (1936) has shown that the serum of 
human psittacosis patients reacts specifi- 
cally by fixing complement when brought 
in contact with infectious mouse spleen. 
Parrots and parrakeets (Meyer and Eddie, 
1939a,b) recovered from psittacosis develop 
antibodies that fix complement in the pres- 
ence of psittacosis and lymphogranuloma 
antigens, while sera from pigeons (Eddie 
and Francis, 1942) may react only in the 
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presence of psittacosis antigens. In the 
course of active immunizations with active 
or inactive virus, specific complement-fixing 
antibodies are demonstrable in the sera 
of mice, guinea pigs, rabbits and monkeys. 

Lazarus and Meyer (1939), Hilleman 
(1945) and Labzoffsky (1946) have shown 
that the hyperimmune serum of guinea pigs, 
rabbits, monkeys and chickens agglutinates 
elementary bodies in titers as high as 1: 320, 
In fact, agglutinins are the only antibodies 
which, in addition to protective properties, 
may be demonstrated in the sera of hyper- 
immune chickens and ducks. 


DIAGNOSIS 


A history of association with birds al- 
ways suggests a diagnosis of psittacosis in 
patients with pneumonitis; but some cases 
of “influenza” or “atypical pneumonia” 
with no definite history of avian exposure 
have lately been diagnosed as psittacosis. 
During the acute and convalescent phases 
of suspected psittacosis, every effort should 
be made to isolate the virus by inoculation 
of citrated blood or sputum into mice 
(Rivers and Berry, 1935). Virus has been 
found in the blood of human psittacosis pa- 
tients taken during the first two weeks of 
an attack, in throat-washings, in vomitus, 
and in sputum up to and including the 
twenty-sixth day of the disease. At nec- 
ropsy, efforts should be made to obtain the 
virus from lungs and spleen, Of 228 clini- 
cally and serologically proved cases of psit- 
tacosis, the nature of the infection was 
confirmed in 52 through the isolation of 
virus (Meyer and Eddie, 1947). 

The demonstration of complement-fixing 
antibodies is being used with increasing suc- 
cess to establish that a given acute illness 
in man is caused by a member of the psit- 
tacosis-lymphogranuloma group (Meyer 
and Eddie, 1939b; Smadel, 1943). Although 
at present it is impossible to make a precise 
differentiation between human psittacosis 
and lymphogranuloma venereum, serologic 
tests are the clinician’s only rapid diagnostic 
tool (Meyer, 1942; Smadel, Wertman and 
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Reagan, 1943). Cold agglutinins as a rule 
are not demonstrable in the blood of psit- 
tacosis patients, Complement-fixing anti- 
bodies may appear in the serum from four 
to eight days after the onset of symptoms. 
Additional serum specimens must be ex- 
amined and any rise in titer noted; if the 
titer rises within the next four or five days, 
a tentative diagnosis of psittacosis may be 
rendered, and treatment instituted. A serum 
titer of 1: 16 or greater when obtained from 
a patient with clinical manifestations sug- 
gestive of psittacosis may be considered 
positive. Precautions are necessary in in- 
terpreting the test. Serum from a patient 
with a positive Wassermann reacts strongly 
with psittacosis antigen, if the person is 
simultaneously infected with the virus of 
lymphogranuloma (Bowser and Nigg, 
1946). The sera of patients with acute 
lymphogranuloma infections occasionally 
yield significantly high complement-fixation 
titers in the presence of psittacosis virus, 
which fade during convalescence. This is in 
contrast to psittacosis infections, in which 
titers rise during convalescence and persist 
for many months; in carriers, they may re- 
main stable for years. Individuals con- 
stantly exposed to psittacosis virus, such as 
aviary owners, pet-shop employees, pigeon 
breeders, as a rule show complement-fixing 
antibodies in their sera in titers varying 
from 1:8 to 1:32 (Meyer, 1942), 


TREATMENT 


Isolation is imperative in order to reduce 
the risk of person-to-person transmission. 
Since 1930, serum of convalescents has been 
used to combat the disease, It is difficult to 
judge the value of this treatment, since 
neutralizing antibodies are rarely present in 
the serum which exerts no curative effect 
on experimentally infected animals. The 
early experiments by Rudd and Burnet 
(1941) offer no evidence that sulfonamide 
compounds are of value. More recently 
Meiklejohn et al. (1946) and Wiseman et al. 
(1946) have shown that sulfadiazine is 
effective against two classical psittacosis 
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strains. Heilman and Herrell (1944a,b) and 
Bedson and May (1945) produced evidence 
that experimental psittacosis responds to 
treatment with penicillin; successful treat- 
ment of human psittacosis has been re- 
ported (Meyer and Eddie, 1947). When- 
ever the immunity mechanism is sluggish, 
penicillin treatment must be prolonged until 
the antibodies of the host are capable of 
assuming the duties of the antibiotic. 


EPIDEMIOLOGY 


The observations of the past 15 years 
fully attest to the wide distribution of psit- 
tacosis among birds. Of great significance 
was the discovery that visibly healthy birds 
harbor the virus and as shedders distribute 
the infective agent. Evidence collected by 
Burnet in Australia (1935; 1939) and by 
Parodi and Silvetti (1946) strongly sup- 
ports the belief that the infection is com- 
mon among wild parrots, parrakeets and 
conures, perhaps as a population regulator. 
High mortality rates among importations 
(Meyer and Eddie, 19392; Dunnahoo and 
Hampton, 1945) and in zoological gardens 
(Troup, Adam and Bedson, 1939; Tom- 
linson, 1941) are due either to escaped nest- 
infections, or to relapses brought about by 
low temperature, crowding in insanitary 
cages and improper feeding. Enzootic psit- 
tacosis is constantly present in parrakeet 
aviaries and pigeon and duck breeding 
establishments (Meyer, 1943). Data pre- 
sented by Elkeles and Barros (1931), 
Pfaffenberg (1936), Meyer (1943) and 
Meyer and Eddie (1947), although incom- 
plete, fully attest to the world-wide distri- 
bution of psittacosis in man. In the early 
years, 317 cases were attributed to the 
handling of parrots and parrakeets. Since 
1940, when it was discovered that pigeons, 
ducks and possibly chickens disseminate 
the virus, over 100 infections have been 
linked with these birds. It is now evident 
that the epidemiologist must carefully in- 
vestigate every known avian and mam- 
malian source before inquiring into the pos- 
sibility of human spreaders of the virus. In 
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the past, single cases escaped detection, and 
old reports deal principally with house epi- 
demics which established the pattern, now 
so well known, of the psittacosis epidemic. 
The great epidemics of the past occurred 
during the winter months. This seasonal 
peak is probably due to prolonged exposure 
of persons to infected avian pets in closed 
rooms of a winter household. It is well to 
remember, however, that severe psittacosis 
on the Faroe Islands and among pigeon 
fanciers the world over is not uncommon in 
midsummer and early fall and that more 
recent observations indicate that psittacosis 
can be contracted throughout the year 
(Meyer, 1942). People of middle age or 
older are the ones usually attacked. Al- 
though the disposition to contract psitta- 
cosis is not confined to the older age groups, 
children and juveniles rarely react in a 
clinically recognizable manner, That the 
younger age groups are susceptible was 
proved when psittacosis virus was isolated 
from the lung of a 14-year-old boy who 
handled birds (Meyer and Eddie, 1947). 
The disease has a greater incidence among 
women than men. In California the ratio is 
60:31; in Germany, 33:19 (Pfaffenberg, 
1936) and 17:8 (Haagen and Mauer, 1938). 
This heavier distribution among women 
may be ascribed in part to the fact that 
many engage in parrakeet breeding as a 
livelihood, or that as lovers of pets they 
more frequently come in contact with birds. 

That occupational psittacosis is quite 
common in persons engaged in handling 
psittacine birds, pigeons and ducks has not 
been fully accepted, though published rec- 
ords amply attest to its existence (Meyer, 
1942). The ways by which psittacosis virus 
is transmitted from birds to man, in order of 
importance, are as follows: (1) by indirect 
transmission by air, (2) through handling 
sick or dead birds, or having contact with 
feathers, excreta or nasal discharge of sick 
or latently infected birds, and (3) through 
bite wounds (Laubscher et al., 1945). The 
ease with which inhalation of virus induces 
pneumonic lesions in susceptible mammals 
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points directly to the respiratory tract as 
the principal portal of entry for the virus. 

Over the years, data have continued to 
mount on the frequency of spread of infec- 
tion from person to person, At least 23 in- 
stances involving 30 nurses are known in 
which contact with sick birds was definitely 
excluded. Greatly disconcerting are the 
transmissions which occur in hospitals; in 
an epidemic in Buenos Aires, reported by 
Loizaga and Averbach (1945), 26 cases 
with 13 deaths were observed. Eaton, Beck 
and Pearson (1941) reported that a man 
transmitted psittacosis virus to 3 nurses. 
The 1943 epidemic of a severe pneumonitis 
in the bayou region of Louisiana, with a 
toll of 8 deaths in 19 recognized infections 
among nursing attendants, emphasizes the 
importance of direct contact in human-to- 
human transmission of psittacosis (Treut- 
ing and Olson, 1944), 

Until recently, the fatality rate of the re- 
ported cases of psittacosis has been uni- 
formly high (approximately 20 per cent). 
With the recognition of mild and ambula- 
tory infections, and the introduction of 
penicillin as a therapeutic agent the case 
fatality rate has dropped significantly; in 
a series of 228 cases studied between 1940 
to 1946, there were only 21 fatal infections, 
a fatality rate of 9.3 per cent (Meyer and 
Eddie, 1947). Most of the deaths occurred 
in the age group of 40 to 60. 


CONTROL MEASURES 


Rigorous isolation should be applied to 
all cases of psittacosis during the febrile 
stage of the disease. All discharges must be 
disinfected. All proved cases of psittacosis 
should be reported. Investigations must be 
instituted in order to locate the bird shop, 
breeding establishment or pigeon loft acting 
as a source of infection, The incriminated 
birds should be sacrificed and sent to a 
public health laboratory for examination. 
All bird stores, aviaries and pigeon lofts 
should be quarantined until the suspected 
birds have been destroyed and the premises 
thoroughly cleaned. Psittacosis could be 
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reasonably controlled if the public would 
appreciate the potential danger inherent in 
contact with birds of unknown origin and 
act accordingly. Strict regulation of traffic 
in psittacine birds failed in California be- 
cause of the dishonesty of people involved. 
New federal interstate quarantine regula- 
tions restrict shipments to two psittacine 
birds. The fact that cage birds are so gen- 
erally loved has hindered most educational 
campaigns, and it is no doubt useless to tell 
people that the exclusion of parrots, parra- 
keets, and pigeons from homes is a para- 
mount prophylactic measure, 

Immunization of human _ volunteers 
against psittacosis has been carried out 
with dilutions of active virus given sub- 
cutaneously (Rivers and Schwentker, 1934). 
The injection of antigens prepared from 
phenol-killed, ether-extracted, yolk-sac sus- 
pensions (Wagner et al., 1946), if adminis- 
tered repeatedly in large amounts, likewise 
stimulates the production of antibodies in 
man. How effective such measures are in 
the control of the disease in man is not 
known. 


LYMPHOGRANULOMA VENEREUM 


(SynonyMs: Climatic bubo, tropical 
bubo, venereal bubo, fourth venereal 
disease, sixth venereal disease, lympho- 
granuloma inguinale, granulomatous 
lymphomatosis, poradenitis, lympho- 
pathia venereum, esthiomene, maladie 
de Nicolas et Favre). 


INTRODUCTION 


Lymphogranuloma venereum is a protean 
disease usually transmitted by venereal con- 
tact, and manifested by both constitutional 
symptoms and acute and chronic tissue 
changes in the inguinal and rectoanal re- 
gions. It is caused by a virus which is similar 
to that producing psittacosis. 


History 


Although John Hunter described inguinal 
buboes in the male, it was reserved for 
Wallace accurately to describe them and 
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their accompanying constitutional symp- 
toms. Desruelles gave an excellent account 
of two cases of vulvar hypertrophy follow- 
ing the involvement of the inguinal lymph 
nodes. Hugier is credited with introducing 
the name esthiomene for the characteristic 
induration and discoloration which involves 
the affected parts. Multiple abscesses in 
inguinal adenitis were originally observed 
by Velpeau; it was Nélaton and Tanton 
and Pigeon, who declared them to be the 
nontuberculous manifestations of an un- 
known disease (Koteen, 1945). Suppurative 
inguinal adenitis, described by Blanc, 
Godding, Scheube and others (Brumpt, 
1935) between 1896 and 1912 as climatic 
bubo, was variously ascribed as being caused 
by plague, malaria, or fatigue, until Rost 
in 1912 advanced the hypothesis that it was 
probably of venereal origin. The term stru- 
mosen Bubonen was introduced by Klotz 
(1890), who first observed and described 
the disease in the United States and who 
also was the first to note the presence of 
penile lesions. Durand, Nicolas and Favre 
(1913) brought the heterogeneous manifes- 
tations of strumous buboes into one disease 
entity, which they called subacute inguinal 
lymphogranulomatosis. They asserted that 
it was transmitted sexually and conclusively 
differentiated it from syphilis and tuber- 
culosis. But erroneously they believed that 
its close resemblance to the picture of 
Hodgkin’s disease sanctioned the designa- 
tion lymphogranuloma inguinale, Phylactos 
(1922), a pupil of Favre, presented an ex- 
cellent description of the malady; he called 
it the fourth venereal disease, but empha- 
sized that its characteristics were identical 
with those of climatic bubo. 

For a time, there appeared to be no cor- 
relation between lymphogranuloma vene- 
reum and the seemingly independent genital 
diseases observed by gynecologists and sur- 
geons for many years, viz., the troublesome 
ulceration and elephantiasis of the female 
pudenda which had been known for nearly 
a hundred years and the inflammatory stric- 
tures of the rectum. Though often associ- 
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ated with venereal disease, the origin of 
lymphogranuloma venereum was clarified 
only with the advent of the Frei test (Frei, 
1925). Hellerstr6m and Wassén (1930) suc- 
ceeded in producing a bacteria-free menin- 
gitis in rhesus monkeys by intracerebral 
inoculation of pus derived from a_ bubo. 
Their work was continued by Levaditi et al. 
(1932) and Findlay (1933), who proved 
that all the diverse diseases independently 
recognized and described in the past were 
caused by the same virus (Stannus, 1933 
With the introduction of the mouse as a 
suitable laboratory animal for study of the 
disease and the demonstration of virucidal 
antibodies by Levaditi et al. (1932), 
lymphogranuloma venereum began to be 
investigated as a virus infection, Gamma 
(1924) described large bodies in the cyto- 
plasm of cells from infected lymph nodes ; 
the nature of these bodies still is uncertain. 
The small granules reported by Gay Prieto 
(1927-28) and the granulocorpuscles of 
Miyagawa et al. (1935) were recognized by 
Findlay et al. (1938) and by Rake and 
Jones (1942) as elementary bodies derived 
from larger initial bodies in an interesting 
developmental cycle. Rake, McKee and 
Shaffer (1940) propagated the virus in the 
yolk sac of the embryonated chicken egg. 
The complement-fixation test and an im- 
proved skin-test antigen soon followed. 


CLINICAL PICTURE 


The symptomatology can best be grasped 
when the pathogenesis of the infection is 
understood. The disease process usually in- 
cludes the following stages: (1) invasion of 
the viral agent, usually symptomless; (2) 
primary stage, genital or anorectal lesion ; 
(3) invasion of lymphatic nodes; (4) late 
sequelae due to fibrotic changes in or around 
lymph nodes. 

Only a few days may elapse between ex- 
posure to infection and the appearance of 
the primary lesion. If the primary lesion 
escapes notice, it may be from several weeks 
to two months before other lesions become 
obvious. Sézary and Drain (1935) reported 
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that the primary lesion was recognized in 
only 39 of 73 cases. In one clinic, only 14 of 
60 patients acknowledged a primary lesion, 
while in another only 4 were seen in 130 
early cases. The initial lesion appears as a 
vesicle, known as the herpetiform lesion of 
Cole (1933), and then bursts, leaving a 
shallow, grayish ulcer or lymphogranulo- 
matous chancre. The clean-cut edges of the 
lesion, surrounded by a narrow band _ of 
reddened skin, are not indurated, It is usu- 
ally painless and heals rapidly without leav- 
ing a scar. These evanescent lesions appear 
on the glans and prepuce of the penis, the 
posterior aspect of the labia, the vaginal 
walls, or the cervix, That the initial lesions 
may also be found within the urethra or in 
the region of the anus is well known. Axil- 
lary lesions have developed in surgeons 
accidentally infected in the course of sur- 
gical removal of infected lymph _ nodes. 
Orderlies have become contaminated while 


cleaning patients. Cases with painless, 
blisterlike lesions and considerable local 


swelling on the tip of the tongue, followed 
by enlarged glands in the neck have been 
reported; these lesions developed from 10 
days to three weeks after the practice of 
cunnilingus, Cases of meningoencephalitis 
caused by the agent of lymphogranuloma 
have been reported by Sabin and Aring 
(1942). Lymphogranulomatous infections 
of the eye in the form of conjunctivitis with 
oculoglandular syndromes, although rare, 
have been recognized with increasing fre- 
quency (Oliphant et al., 1942). 
Enlargement of the regional lymph nodes 
usually occurs from 7 to 14 days after ap- 
pearance of the initial lesion, Pain in the 
groin, followed by palpable and visible en- 
largement of the nodes, may be the only 
symptoms. In the male, the buboes involve 
the inguinal region, and at first are notice- 
able only as discrete, slightly tender, mov- 
able lymph nodes. Later they become ad- 
herent to the underlying tissues and form 
a large, single, tender inflammatory mass. 
In the majority of patients seen in the 
temperate zone, the adenitis is unilateral, 
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while in the tropics it is frequently bilateral. 
It may heal spontaneously, but in about 40 
to 60 per cent the nodes suppurate. When 
the primary lesion is intra-urethral or in 
the anorectal region, the infection spreads 
to the pelvic nodes. The lymph drainage 
from the intravaginal portal of entry favors 
the involvement of the intrapelvic-perianal 
and deep pelvic nodes in the female. 
Chronic inflammatory processes involv- 
ing the lymph glands and structures of the 
pelvis are responsible for a variety of mani- 
festations, which may make their appear- 
ance several months or years after the onset 
of the infection. The esthiomene frequently 
mentioned in the literature is a nondestruc- 
tive form of elephantiasis which is found 
in the preputium, the clitoris or the labia 
minora. It sometimes extends to the labia 
majora and other soft parts of the vulva and 
anus, Left untreated, the rectal type may 
lead to vaginorectal and vaginovesical fis- 
tulae, secondary infections, and death from 
sepsis and exhaustion. The effect of these 
processes on pregnancy appears to be mini- 
mal, Rectal strictures formerly attributed 
to injuries, syphilis or other causes are 
now recognized as sequels to lymphogranu- 
loma infections. The specific proctitis usu- 
ally arises from a spread of the infection 
from the perirectal tissues through the 
rectal wall; in the majority of cases it pro- 
duces a stricture if left untreated, In the 
early stages of the proctitis the patients 
have little or no pain. Complete obstruc- 
tion is uncommon, but the chronic process 
is frequently complicated by perirectal and 
perianal abscesses and fistulae, The adenitis 
is accompanied by constitutional symptoms 
consisting of chills, sweats, fever, prostra- 
tion, loss of weight, anorexia, nausea, vomit- 
ing, pains in the chest and muscles, stiffness 
of the neck, headache, epistaxis, and bron- 
chitis. Scarlatiniform rashes and those re- 
sembling erythema multiforme have been 
reported. Acute systemic invasion of the 
virus may bring about enlargement of all 
lymphatic nodes, the spleen and the liver. 
Accidental laboratory infections (Harrop, 
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Rake and Shaffer, 1941) attest the fact that 
the disease may occur with minimal symp- 
toms, namely, mild fever, fleeting mus- 
cular pains, and malaise. A moderate 
secondary anemia and leukopenia are com- 
mon in the early stages of the disease. When 
the nodes suppurate there is often a leuko- 
cytosis with a relatively slight mononucleo- 
sis. The erythrocyte sedimentation rate is 
usually increased, and a hyperproteinemia 
due to an increase in serum globulin has 
been reported. Transitory positive Wasser- 
mann reactions have been observed. A fatal 
termination is very rare, but may occur in 
patients with rectal strictures and other 
complications. 


PATHOLOGIC PICTURE 


There are no characteristic tissue changes 
in the lymphogranulomatous chancre; the 
cellular infiltration surrounding the ulcer 
consists mostly of plasma cells and _histio- 
cytes containing inclusion bodies. The re- 
action in the lymph nodes is a chronic, 
prolonged process in which necrosis and 
suppuration are conspicuous, Microscopi- 
cally, the tissue response prevailing in peri- 
neal and genital tissues is the same as that 
in inguinal and pelvic lymph nodes. At 
times the lesions have some of the char- 
acteristics of those seen in tuberculosis and 
syphilis, However, Chapman and Hayden 
(1937) state that an experienced pathol- 
ogist can distinguish the lesions of lympho- 
granuloma from those of tuberculosis and 
syphilis. The inflammatory process consists 
of a great outpouring of mononuclear ele- 
ments, especially plasma cells, a few neutro- 
philes and eosinophiles, and proliferation 
of the macrophages with giant-cell forma- 
tion. Epithelioid transformation of the 
macrophages gives rise to peculiar tubercle- 
like nodules, which undergo necrosis. There 
is, in addition, a marked proliferation of 
fibrous tissue which, as the lesions heal, 
contracts, producing the rectal and anal 
strictures. The tendency toward keloid for- 
mation in the Negro may be responsible for 
the extent and frequency of stricture in this 
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race. The cone or dumb-bell shaped, baso- 
philic gamma bodies and the clusters and 
chains of the smaller azurophilic elemen- 
tary bodies first described by Gay Prieto 
(1927-28) and Miyagawa et al. (1935) have 
been demonstrated in cells of human lesions 
(Coutts et al., 1942). 


EXPERIMENTAL INFECTION; Host RANGE 


The first experimental transmission of 
the disease is credited to Hellerstrém 
(1929), who infected a man by the intra- 
urethral route. Using monkey-passage ma- 
terial, Wassén (1935) infected Frei-nega- 
tive patients suffering from general paralysis 
or dementia praecox; the lesions produced 
were typical of lymphogranuloma, 

It was the successful transmission of the 
virus to the monkey and the mouse which 
greatly accelerated knowledge of the dis- 
ease, its etiologic agent and methods of 
diagnosis. The span of the host range is 
still not completely known, The most highly 
susceptible animals are the monkey and 
mouse; less susceptible are the guinea pig 
(Grace and Suskind, 1940), rabbit, squirrel, 
marmot, harvest mouse (Wicrotus agrestis), 
rat, cat, dog and sheep. Results have been 
erratic in experimental infection of the less 
susceptible animals. Not considering indi- 
vidual differences in susceptibility, it is the 
age of the rat, guinea pig and rabbit which 
decides the outcome of experimental infec- 
tions. Fowl, pigeons, ricebirds and _parra- 
keets fail to react to intracerebral injections 
of highly infectious passage virus. 

To produce models of the human disease, 
monkeys have been infected by the intra- 
peritoneal, intrapreputial, intracutaneous, 
intrapulmonary and intra-ocular routes, and 
in the tissues of the intestine, rectum and 
lymph nodes. Typical inflammatory reac- 
tions developed locally, and the virus was 
readily demonstrable in the enlarged re- 
gional lymph nodes. Neither the intravenous 
nor the intraneural mode of injection will 
establish an infection. 

Levaditi et al. (1932) injected mice intra- 
cerebrally with monkey-passage virus, while 
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Findlay (1933) initiated infections with 
human material, Of 26 strains transmitted 
by him to mice, only two proved highly 
virulent, while others lost their infectious- 
ness on passage (Findlay, 1938a). The two 
virulent strains produced symptoms of men- 
ingitis in 2 to 4 days. Many strains, when 
injected intracerebrally, induce, after an 
incubation time of 7 to 14 days, muscular 
in-co-ordination, paresis and weakness, with 
a mortality rate varying from 12 to 39 per 
cent (Wassén, 1935). In such mice, the 
histologic findings are those of a leptomen- 
ingitis, and impression preparations from 
the meninges furnish excellent material for 
the study of the large and small viral ele- 
ments. Intranasal administration of virus 
incites a pneumonic process which may be 
fatal between the fourth and sixth day; it 
is characterized by desquamative alveolitis, 
nodular inflammation around the capillaries 
and lymphatics, and the formation of virus 
bodies (Schoen, 1940; Shaffer et al., 1940). 
When the virus is injected intraperitoneally, 
it localizes in the brain if starch is injected 
intracerebrally. It may be successfully 
passaged through the testes of mice. 


ETIOLOGY 


The infective agent of lymphogranuloma 
venereum is a filterable, microscopically 
visible elementary body, which passes 
through its developmental cycle in the 
cytoplasm of reticulo-endothelial cells, Ele- 
mentary bodies may be demonstrated in 
cells from human lesions, and they are 
transferable to experimental animals, They 
are agglutinated by specific antisera and 
serve as specific antigens in complement- 
fixation tests and skin tests (Frei test). 

Small bodies which sometimes appeared 
within monocytes of lymphogranuloma ab- 
scesses were described by Gay Prieto (1927- 
28) and by Findlay (1933). Subsequently, 
Miyagawa et al. (1935) named these bodies 
granulocorpuscles and estimated their diam- 
eter as being 0.3 w. Coles (1936) and 
Nauck and Malamos (1937) demonstrated 
in Giemsa-stained films elementary bodies 
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resembling those found in psittacosis and 
vaccinia, These elementary bodies were 
constantly present in the lesions, in tissue 
cultures and in infectious filtrates. All recent 
studies have furnished supportive evidence, 
that when suitably stained, the virus of 
lymphogranuloma is visible under an ordi- 
nary microscope. Findlay, Mackenzie and 
MacCallum (1938) established the exist- 
ence of a developmental cycle in host cells. 
Gey and Bang (1939), who grew the lym- 
phogranuloma virus in tissue cultures of 
fibroblasts, observed that on the seventh 
day the cells were occupied by large vesicles 
filled with bodies in active Brownian move- 
ment, They saw no initial bodies and sug- 
gested that the vesicles might represent a 
cellular reaction to the invading viral agent. 
Coutts et al. (1942) described and _ illus- 
trated micro-inclusion and macro-inclusion 
bodies, which they demonstrated in 96 per 
cent of the smears prepared from lympho- 
granulomatous lymph nodes, The diverse 
observations have been correlated in an ex- 
cellent study by Rake and Jones (1942), 
who investigated the morphologic cycle of 
the lymphogranuloma agent in the yolk sac 
of the chick embryo. Using smears and sec- 
tions stained by the methods of Giemsa, 
Castaneda, Macchiavello and Noble, these 
workers showed that the morphology, de- 
velopmental forms and staining character- 
istics of the lymphogranuloma agent are 
practically indistinguishable from those of 
the etiologic agent of psittacosis. 

The filterability of the agent is not con- 
stant. By the use of gradocol membranes 
according to the method of Elford, the 
diameter of the viral body has been esti- 
mated as being from 120 to 180 mu. Elec- 
tron micrographs of the elementary bodies 
propagated in the yolk sacs of developing 
chick embryos revealed a mean diameter of 
438-=47 mu (Kurotchkin et al., 1947), At 
37° C, the virus remains active from two 
to four days, while at 56° C. it loses the 
power to infect within 10 minutes, To keep 
the virus alive for a year or longer, it is 
best held at —30° to —70° C. in the frozen 
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state. Ultraviolet radiation renders it non- 
infective within 30 minutes. In 50 per cent 
neutral glycerol, the activity is retained only 
for 7 to 14 days. Formalin (0.1 per cent) 
and phenol (0.5 per cent) inactivate the 
agent in 24 or 48 hours. Ten per cent ether 
at room temperature inactivates the virus 
in yolk-sac suspensions within 30 minutes. 
The lymphogranuloma virus has been 
cultivated in media of the Maitland type, 
by the Miyagawa method, by the roller- 
tube tissue-culture technic, and by the 
Zinsser-FitzPatrick method modified ac- 
cording to Yanamura and Meyer. The agent 
is readily propagated in embryonated hens’ 
eggs. The method of yolk-sac inoculation, 
used by Rake et al. (1940), is particularly 
valuable, as it yields highly infective 
(LD50 10-8) suspensions especially useful 
in morphologic and immunologic studies. 
Rake and Jones (1944) reported isolating 
a toxic substance which is associated with 
the virus. The endotoxinlike factor is 
readily demonstrable in heavily infected 
yolk sacs of moribund embryos. It kills 
young mice rapidly after intravenous in- 
jection ; if the activity is high and the dilu- 
tions are made in the allantoic and amniotic 
fluids, it occasionally kills after intraperi- 
toneal injection. The toxin is labile and is 
readily inactivated at room temperature 
and by chemicals. It produces hemorrhages 
in the lung and gives specific complement- 
fixation reactions in the presence of serum 
from lymphogranuloma venereum patients. 
There is a heat-stable, ether-soluble antigen 
which is apparently common to all the 
viruses of the lymphogranuloma-psittacosis 
group. Nigg, Hilleman and Bowser (1946), 
while attempting to enhance the antigenicity 
of virus in yolk-sac suspensions, noted that, 
by adding phenol and boiling, the reactivity 
of the yolk-sac suspensions in complement- 
fixation tests was greatly intensified, Its 
heat-stability at boiling, dissociation by 
phenol and solubility in ether suggest that 
the complement-fixing antigen is probably 
a protein-polysaccharide-lipid complex, 
Koteen (1945) has stated that an attack 
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of lymphogranuloma venereum probably 
induces a lasting immunity, It is known 
that an infected person is fully refractory 
to a cutaneous or intradermal reinfection 
with material proved to contain the virus: 
a local reaction similar to that induced by 
inactive virus (Frei reaction) develops at 
the site of insertion, but neither the skin 
nor the regional lymph nodes show signs of 
infection. Whether or not the immunity 
survives the disappearance of the virus 
from the host has not been determined. 
The prolonged coexistence of infection and 
immunity is characteristic of the lympho- 
granuloma-psittacosis viral agents. Conse- 
quently, clinical relapses have been re- 
ported and may be anticipated. However, 
recent studies have shown that in com- 
pletely recovered experimental animals, a 
fairly large percentage becomes immune to 
intranasal or intracerebral reinfection 
(Beck, Eaton and O’Donnell, 1944). There 
is also evidence that the injection of in- 
activated preparations of the lymphogranu- 
loma-psittacosis agents leads to the de- 
velopment of immune bodies and resistance 
to moderate infections, There are no records 
of human immunization against lympho- 
granuloma venereum by means of vaccines. 

Reports are contradictory regarding the 
production of neutralizing antibodies to 
lymphogranuloma venereum virus, Negative 
results are attributable to the use of faulty 
technics, such as too short incubation of 
virus-serum mixtures or the use of serum 
dilutions in the presence of concentrated 
viral suspensions. Hyperimmunization of 
rabbits or chickens (Hilleman, 1945) with 
yolk-sac suspensions invariably produces 
potent neutralizing antisera which pos- 
sess protective, neutralizing, agglutinative 
and complement-fixing properties, A serum 
prepared against the lymphogranuloma ve- 
nereum virus, however, neither neutralizes 
nor protects against an infection with any 
other member of the lymphogranuloma- 
psittacosis group. The sera of guinea pigs, 
rabbits, mice and rats immunized with the 
lymphogranuloma virus give strong comple- 
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ment-fixation reactions with the homologous 
antigen, and frequently an equally marked 
reaction will occur with heterologous anti- 
gens prepared from other members of the 
lymphogranuloma-psittacosis group (Eaton, 
Martin and Beck, 1942). The complement- 
fixation test indicates a broad antigenic 
similarity between the members of the 
group; however, unexplained differences in 
complement-fixation titers are on record in 
the literature (Eddie and Francis, 1942; 
Eaton, Martin and Beck, 1942; Smadel, 
Wertman and Reagan, 1943), 
DIAGNOsIs 

Lymphogranuloma venereum must be 
differentiated from chancroid, bubo due to 
pyogenic lesions of the lower extremities, 
tuberculosis of the inguinal lymph nodes, 
gonorrhea, syphilis, granuloma inguinale, 
balanitis, plague, tularemia, carcinoma and 
tuberculosis of the rectum, and ulcerative 
colitis, Films of pus or biopsy material are 
examined for elementary bodies by means 
of the Macchiavello stain, Suspected ma- 
terial should be inoculated into the yolk sac 
of embryonated hen’s egg; intracerebral in- 
oculation in mice is preferred, however, for 
diagnosis can be made in mice from 5 to 14 
days earlier than in the chick embryo. 
Furthermore, the rodents are fairly resistant 
to infection by bacteria occasionally con- 
taminating specimens of bubo pus or biopsy 
material. Identification of the virus is based 
upon its morphology, the fact that it is more 
liable to cause disease by the intracerebral 
than by the intraperitoneal route, and its 
susceptibility to sulfonamides. Toxin and 
neutralization tests according to the method 
of Hilleman, although reliable, are laborious 
and expensive (Wall, 1946), The virus, regu- 
larly present in pus from buboes, has re- 
cently been isolated with increasing fre- 
quency from tertiary lesions, but only 
occasionally from those of the primary 
stage. Thus far, it has been found only once 
in the human blood (Beeson, Wall and 
Heyman, 1946). The agent has been demon- 
strated in the spinal fluid in meningeal 
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infections and in the stool of patients with 
proctitis. 

The skin test used in lymphogranuloma 
diagnosis, known as the Frei test, consists 
of the intradermal injection of 0.1 cc. of 
antigen and 0.1 cc. of control material. The 
test is read 48 and 96 hours after injection, 
and, if positive, the central induration of 
the papule caused by the antigen measures 
6x6 mm, or more, while that caused by the 
control material measures 5x5 mm. or less. 
Originally, the Frei antigen was prepared 
by diluting pus from the bubo of a known 
human case of lymphogranuloma with five 
times its volume of sterile saline solution. 
Then, it was sterilized by heating at 60° C. 
for 2 hours on one day, and for 1 hour on 
the next. The antigens, which were pre- 
pared from infected mouse brains, were not 
satisfactory because of frequent nonspecific 
reactions, Rake, McKee and Shaffer (1940) 
reported on the preparation of an antigen 
from the yolk sacs of chick embryos mori- 
bund or recently dead from infection with 
the virus of lymphogranuloma venereum. 
Control material is prepared from the 
normal yolk sac of 10-day chick embryos. 
The skin-test material is known com- 
mercially as “lygranum.” Positive reactions 
to yolk-sac antigens remain readily visible 
and palpable for 10 days and longer, and 
repeated testing apparently does not in- 
tensify the cutaneous sensitization. 

The Frei test usually becomes positive 7 
to 40 days after the onset of the adenitis. 
Negative Frei results in definite cases are 
rare; they are usually due to such factors as 
the menses, septicemia, fever, tuberculosis, 
and coexistent early syphilis or early chanc- 
roid, Connor and his associates (1937) have 
reported the results of studies on 1,265 pa- 
tients; of these, 243 gave persistently posi- 
tive reactions, and all but 17 of the 243 gave 
a history typical of infection or showed 
clinical manifestations. D’Aunoy and von 
Haam (1936) obtained results in 500 in- 
fected patients that were 98.1 per cent cor- 
rect. On the other hand, Knott et al. (1943) 
have challenged the specificity of the Frei 
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test and the complement-fixation test. The 
Frei test probably remains positive for the 
life of the patient, although recent observa- 
tions indicate that immediate sulfonamide 
therapy may cause reversal (Koteen, 1945). 

With the obtainment of potent antigens 
by propagation of the virus in the yolk sac 
of the embryonated hen’s egg (Rake, Mc- 
Kee and Shaffer, 1940) or in the lungs of 
mice (Shaffer, Rake and McKee, 1940), 
the use of the complement-fixation test for 
diagnostic purposes has assumed increasing 
importance. In the carefully executed ex- 
aminations of Grace and Rake (1943), sera 
from patients with inguinal adenitis reacted 
in titers ranging from 1:6 to 1:480, with a 
mean of 1:98; sera from patients with proc- 
titis were 96.8 per cent positive. The titer 
limits of both groups of patients were 1:6 
to 1:920, with a mean of 1:213. Sera from 
symptomless patients gave an average titer 
of 1:32; of sera from 133 such patients, 97.7 
per cent reacted positively to the comple- 
ment-fixation test, while only 81.2 per cent 
gave a positive Frei test. A Wassermann or 
Kahn test should always be done as a con- 
trol on the specimen of serum used for this 
work. Experience has taught that if the 
serum of an individual gives a positive 
complement-fixation reaction with boiled 
phenolized antigen in a dilution of 1:6 and 
above, a tentative diagnosis of lymphogran- 
uloma infection is permissible, provided the 
patient is not in the early Stages of syphilis 
(Knott et al., 1943: Bowser and Nigg, 
1946). Occasionally, antibodies may be de- 
tected in sera of patients a month after 
infections, and sometimes prior to the ap- 
pearance of a positive Frei reaction. The 
reaction probably remains positive as long 
as virus is still present in the host. Thus, the 
complement-fixation test may be useful in 
the evaluation of clinical cures, As a pre- 
caution against erroneous diagnosis, it must 
be remembered that the sera of patients re- 
covered from psittacosis may give positive 
complement-fixation reactions with lympho- 
granuloma antigens. 
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‘TREATMENT 


Sulfonamides, in combination with fuadin, 
were introduced by Gjurié (1938) for the 
treatment of inguinal lymphogranuloma. 
The use of the drugs was later extended 
with good results to anorectal and genito- 
rectal cases. Grace (1944) achieved impres- 
sive effects with sulfonilamide and sulfa- 
thiazole ; he preferred the latter, Regression 
of the adenitis, whether suppurative or 
nonsuppurative, and cure of the disease 
have been observed after a single course, In 
the anorectal disease with proctitis, chemo- 
therapy must be prolonged; it may be 
necessary to continue treatment, interrupted 
by rest periods, for many months up to 1 
year. Patients may be clinically cured in 
spite of the persistence of the virus in the 
body. Penicillin has proved ineffective in 
treating the disease in human beings (Flem- 
ing, 1946). 

How the drugs act is not definitely 
known, According to Jones, Rake and 
Stearns (1945), sulfathiazole is active in 
vitro but it is only completely virucidal 
when very high concentrations of the drug 
are employed. Although death was _pre- 
vented in mice infected intracerebrally 
with lymphogranuloma venereum virus and 
then treated orally with sulfadiazine, sul- 
fathiazole and sulfaguanidine, infection be- 
came established and signs persisted for 
two weeks. Some animals developed a 
chronic hydrocephalus many months after 
recovery. Carriers were common and 30 
per cent of the mice harbored the virus at 
the end of a year. These observations have 
been amply confirmed and hold equally 
true for the majority of the agents belong- 
ing to the psittacosis-lymphogranuloma 
group. 

EPIDEMIOLOGY 

Lymphogranuloma venereum has a world- 
wide distribution, but since it is reportable 
in only a few places, there is no evidence 
concerning its prevalence. The deficiency is 
not imputable to administrative procedure 
alone; the disease has been poorly reported 
because satisfactory means for establish- 
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ing a correct diagnosis have not been avail- 
able. The prevalence in tropical countries, 
and in the Mediterranean, southern and 
eastern ports is less a matter of climate than 
of unfortunate social conditions which go 
uncontrolled. In the United States, there is 
no scarcity in the number of cases reported 
from clinics and hospitals. The disease is 
reportable only in 4 states: Alabama, Cali- 
fornia, Illinois and Washington. ‘The great- 
est number of cases occurs in areas east of 
the Mississippi (Koteen, 1945). The in- 
cidence at the New York Hospital in 1940 
had reached 8 per 10,000 admissions. In 
San Francisco, of 34,766 admissions to the 
municipal venereal disease clinic, 1.9 per 
cent gave strong serologic reactions indic- 
ative of lymphogranuloma infection, Al- 
though the incidence is higher in the colored 
race, there is no evidence of any racial pre- 
disposition, 


CONTROL MEASURES 


Modern plans for combating syphilis and 
gonorrhea, emphasizing, as they do, case 
finding and medical care and control of in- 
fected persons, are equally applicable to 
lymphogranuloma venereum, Little can be 
gained in the execution of such a program, 
however, until cases are made reportable. 
Adequate diagnostic facilities, including the 
complement-fixation test, must be made 
available through local health departments. 
Since serologic examinations are less ex- 
pensive and more readily carried out, the 
complement-fixation test should be used in 
the routine examination of sexually pro- 
miscuous persons. The city health depart- 
ment should provide, free of charge, drugs 
for treatment. Early, intensive treatment 
of clinical and subclinical infections should 
be assigned to private physicians or special 
clinics, Public education as to the nature 
and extent of lymphogranuloma, and the 
providing of opportunities through which 
physicians may be kept informed of modern 
developments in its diagnosis and treatment, 
are important steps in any lymphogranu- 
loma control program. 
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Trachoma and Inclusion Conjunctivitis 


Trachoma and inclusion conjunctivitis 
are Closely related virus infections of the 
external eye. They differ chiefly in the fol- 
lowing respects. Whereas trachoma involves 
the cornea and forms pannus, has little or 
no tendency to spontaneous cure, and in- 
evitably produces conjunctival and corneal 
cicatrization, inclusion conjunctivitis never 
affects the cornea significantly and always 
heals spontaneously without cicatricial 
changes of any kind. 

In spite of these important differences the 
diseases have often been confused clini- 
cally and their similarities, both clinical 
and etiologic, have induced research work- 
ers to study them simultaneously; hence 
their consideration in the same chapter in 
the present volume. 


TRACHOMA 


(Synonym: Granular conjunctivitis) 


History 


Trachoma is a disease of antiquity, refer- 
ences to it appearing in the earliest records 
of mankind. Egyptian papyri, such as the 
Ebers papyrus, mention its complications 
and treatment, and Hippocrates appears to 
have been well acquainted with it. During 
the Crusades and in the course of Napo- 
leon’s campaign in Egypt the disease was 
of major military importance, and troops 
returning to Europe from the Middle East 
disseminated it widely. Of all ocular affec- 
tions trachoma has always been the one of 
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greatest world-wide military, economic, and 
social consequence. Unfortunately, it retains 
that pre-eminence to this day in spite of 
intensive campaigns in many countries to 
reduce its incidence. 

The highest incidence is reached in 
Egypt and the Middle East where more 
than 90 per cent of the population is af- 
fected, but the infection is widespread in all 
the countries bordering the Mediterranean, 
in Russia, and throughout the Orient. In 
the United States it is still prevalent among 
the Indians and among the mountain whites 
along the so-called “Daniel Boone Trail” 
although the incidence in both groups is 
rapidly decreasing. 

In 1907, Halberstaedter and Prowazek 
described the cytoplasmic inclusion bodies 
characteristic of the disease, and in 1912 
Nicolle, Blaisot and Cuénod reported the 
first positive filtration experiments which 
they performed with modified Berkefeld 
V filters. The work of other investigators 
has shown the virus to be of large particle 
size and a member of the psittacosis-lym- 
phogranuloma venereum group of viruses. 
Trachoma virus studies have been greatly 
handicapped, however, by the failure to 
obtain cultivation in tissue culture and by 
the fact that the only susceptible animals 
(monkeys, baboons, and apes) fail to de- 
velop an infection certainly identifiable as 
trachoma. The recognition by Loe (1938) 
and others that the disease was Susceptible 
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to sulfonamide therapy marked a turning- 
point in its history. 


CLINICAL PICTURE 


The incubation period of trachoma, as 
determined from experimental human in- 
oculations, is from five to seven days. The 
onset may be insidious or fulminating, de- 
pending apparently upon the amount of 
inoculum. Mild onset is observed most com- 
monly in children, particularly in the heav- 
ily infected countries such as Morocco, 
Tunisia, and Egypt. In such cases there 
may be no external signs of the infection, 
except perhaps a slight ptosis of the lids, 
but when the upper lids are everted a follic- 
ular hypertrophy of the upper tarsal con- 
junctiva is displayed. The acute onset is 
characterized by acute conjunctival inflam- 
mation with dense infiltration and papil- 
lary hypertrophy. There is superficial in- 
flammation of the cornea, particularly of 
the upper limbus region, and not infre- 
quently swelling of the lids and mild pre- 
auricular adenopathy. The exudate may be 
abundant and mucopurulent in character. 
The acute stage tends to last for several 
weeks and is then followed by subacute and 
chronic stages in which the exudate becomes 
scanty and the symptoms minimal. 

Regardless of whether the onset is insidi- 
ous or acute, the disease tends to progress 
in much the same way over a period of 
months to conjunctival and corneal cica- 
trization. In the late stages, deformity of 
the eyelids with cicatricial entropion may 
occur and vision may be markedly reduced 
by cicatrization from pannus and recurrent 
ulcers. In unusually severe cases, tear-func- 
tion may be lost and the complications of 
keratitis sicca added to the picture. Second- 
ary bacterial infection complicates more 
than 50 per cent of cases in this country 
and a much higher percentage in the Middle 
East and Orient. After apparent healing 
there is often a recurrence or reinfection. 
There has been nothing to indicate that any 
immunity develops. 
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PATHOLOGIC PICTURE 

The earliest recognizable pathologic man- 
ifestation of trachoma is the development 
of the characteristic cytoplasmic inclusion 
bodies in the conjunctival and corneal epi- 
thelial cells (Wilson, 1937). This is fol- 
lowed by subepithelial infiltration with 
small round cells, plasma cells predomi- 
nating, and by the development of lymphoid 
follicles. Subepithelial infiltration of the 
cornea is followed by blood vessel invasion 
in the form of pannus. Advanced stages 
are characterized by cell necrosis, and fi- 
nally by cicatrization. All the pathologic 
changes in trachoma affect the upper half of 
the conjunctival sac and cornea more prom- 
inently than the lower. 

Although the subepithelial infiltration is 
mononuclear in type, the exudate is com- 
posed chiefly of polymorphonuclear cells. 
This is particularly true in the acute stages 
of the disease and is in no way dependent 
upon secondary bacterial infection. In con- 
tradistinction, the exudates of conjunctival 
infections with typical viruses, such as epi- 
demic keratoconjunctivitis virus and herpes 
simplex virus, are characteristically mono- 
nuclear. 

The inclusion bodies occur in numbers 
varying in proportion to the clinical sever- 
ity of the disease and are most numerous 
in scrapings from the upper tarsal and 
upper limbus regions, i.e., from the areas 
of maximum disease intensity. They are 
most numerous in the superficial layers 
of the epithelium, are rarely seen in the 
basal layers, and never occur in the cells 
of the follicles or in the subepithelial layers. 


¥ — oan * om, ‘2 oon tee 
EXPERIMENTAL INFrEecTION; Host RANGE 


The only experimental animals found to 
be susceptible to trachoma virus are, in the 
order of their susceptibility, apes, baboons, 
and monkeys. Unfortunately, none of these 
animals develops pathologic changes char- 
acteristic of human trachoma, i.e., pannus 
and cicatrization. The experimental disease 
they do develop, moreover, is self-limited 
and appears only as a follicular conjunc- 
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tivitis which cannot be differentiated with 
certainty from the follicular conjunctivitis 
produced by inclusion conjunctivitis virus, 
or even from the spontaneous folliculosis 
with which monkeys, baboons, and apes are 
frequently affected (Wilson, 1930; Bland, 
1945). The inclusion bodies characteristic 
of trachoma have been found in the experi- 
mental disease in apes but never in the 
experimental disease in monkeys or ba- 
boons. This paucity of inclusions is believed 
to be due to the mildness of the experimen- 
tal disease in which there are neither in- 
flammatory signs nor exudate. That the 
disease is actually trachoma, however, has 
been established by Nicolle, Blaisot and 
Cuénod (1912), and by Bland (1944), who 
succeeded in transferring the experimental 
disease from its animal hosts to human vol- 
unteers who in turn developed typical 
trachoma. 

Experimental infection in human beings 
has been accomplished on numerous occa- 
sions and has usually had an acute onset 
and abundant inclusions. 


TRACHOMA AND INCLUSION CONJUNCTIVITIS 


ETIOLOGY 


The cause of trachoma is a virus of large 
particle size belonging to the psittacosis- 
lymphogranuloma venereum group of vi- 
ruses. It appears in the conjunctival and 
corneal epithelium and in the exudate in 
the form of elementary bodies (Fig. 34A) 
which, when stained according to Giemsa’s 
method, measure about 0.25 micron in di- 
ameter. The elementary bodies occur free 
in the exudate and intracellularly as ag- 
glomerations known as inclusion bodies. 
Mature inclusion bodies are made up almost 
entirely of elementary bodies. Larger forms 
of the virus, the so-called “initial bodies” 
(Lindner, 1910a) are seen commonly in 
young inclusion bodies (Fig. 34B) and oc- 
casionally free in the exudate. They are 
coccobacillary and bipolar staining, show 
division forms, and vary in size up to 1.5 
microns in length. 

The inclusion body is a virus colony in 
which the elementary and initial bodies 
are embedded in a carbohydrate matrix 





Fic. 34 (A). Free elementary bodies in 
Giemsa stain x1500, 


the exudate from a case of severe trachoma. 


(B) Young inclusion bodies made up of large swollen forms, the so-called initial 


bodies of Lindner. Giemsa stain x1500. 


(C) Mature inclusion body in which the cystoplasm of the epithelial cell has been 
entirely replaced by elementary bodies. Giemsa stain x1500. 


(D) Epithelial cell 


(shown in C) previously stained by Lugol’s solution to show the 


carbohydrate matrix which takes a reddish-brown coloration with iodine. 


x1500, 


(FE) An inclusion body showing both elementary and_ initial bodies. Giemsa stain 


(I°) Epithelial cell (shown in E) previously stained with Lugol’s solution to show 


the carbohydrate matrix. 


(G) Multiple inclusion bodies in 


Giemsa stain x1200. 


(I) Inclusion body in a conjunctival epithelial cell from 


Giemsa stain x1500. 


(J) Free elementary and initial bodies in the exudate 


conjunctivitis. Giemsa stain x1400. 


(KL) Inclusion body in cervical epithelium from th 


conjunctivitis, Giemsa stain x1200. 
(L) Free elementary bodies in cerv 


The iodine has been partially removed to bring out the honey- 
comblike arrangement of the matrix in which the elementary 
affected by the iodine, are embedded. x1500. 


on | a single epithelial cell. Giemsa stain x 1500. 
(H) Elementary bodies in exudate from inclusion c 


and initial bodies, not 


onjunctivitis in a new-born infant. 
inclusion conjunctivitis. 
from a severe case of inclusion 


e mother of a baby with inclusion 


; | . ntary b ical secretion from a woman whose child developed 
inclusion conjunctivitis, Giemsa Stain x1750, 
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composed principally of glycogen (Figs. 
34C, 34D, 34E and 34F) (Rice, 1936). 
The evolution of the inclusion body in the 
susceptible cell requires about 48 hours. 
Multiple infection of cells is common (Fig. 
34G). The existence of a toxin is suggested 
by the fact that toxins have been demon- 
strated for other members of the psitta- 
cosis-lymphogranuloma venereum group 
(Rake and Jones, 1944) and that important 
subepithelial changes occur in trachoma 
even though the virus appears to be limited 
strictly to the epithelial layer. In this con- 
nection, it is noteworthy that attempts to 
infect the subepithelial layers of the con- 
junctiva by injecting trachoma _ virus 
through the skin of the lids failed but that 
subsequent direct inoculation of the con- 
junctiva in the same subjects succeeded 
(Michail and Vancea, 1932). 

The virus is rapidly inactivated by dry- 
ing, by alternate freezing and thawing, and 
by incubator temperature (37 Cae Tis: ther- 
mal death point is 45°C, maintained for 15 
minutes (Julianelle, 1938), At refrigerator 
temperature or in 50 per cent glycerol it 
can be preserved for as long as a week. Sul- 
fanilamide has no virucidal effect in vitro 
(Julianelle and Smith, 1942). All attempts 
to cultivate it in vitro have failed, even 
when human conjunctival and corneal epi- 
thelium have been employed. Trachoma- 
tous conjunctival epithelium rapidly loses 
its infectivity for baboons when it is culti- 
vated in tissue culture (Thygeson, 1939). 
Group antibodies for the psittacosis-lym- 
phogranuloma venereum group of viruses 
have been demonstrated in sera from tra- 
choma patients (Rake, Shaffer and Thyge- 
son, 1942), but no evidence has been ad- 
vanced to suggest that they are concerned 
in the clinical course of the disease or in 
developing immunity to it. Monkeys and 
baboons that have recovered from experi- 
mental trachoma show no immunity to rein- 
fection and the second infection runs the 
same clinical course as the first. 

The virus filters with difficulty and only 
through the coarse grades of filter, such as 
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the Berkefield V candle and gradocol mem- 
branes of 0.6 micron A.P.D. or above. If 
an active filtrate is to be obtained, the 
elementary bodies must pass the filter. This 
was demonstrated in the experiment of 
Thygeson, Proctor and Richards (1935) in 
which a human volunteer was inoculated 
successfully with a gradocol filtrate (0.6 
micron A.P.D.). The original material, con- 
sisting of ground epithelial scrapings from 
trachomatous Indian children, contained 
abundant inclusions. Elementary bodies 
were demonstrated in the bacteria-free fil- 
trate on centrifugation and inclusion bod- 
ies were numerous in the experimental dis- 
ease at onset. 


DIAGNOSIS 


The diagnosis of trachoma can usually be 
made on the basis of the following clinical 
signs: (1) follicle formation, most promi- 
nent on the upper tarsal region, (2) tra- 
chomatous pannus, which can be recognized 
in its incipience early in the disease on slit- 
lamp examination of the upper limbus re- 
gion, and (3) conjunctival cicatrization. 

Laboratory diagnosis is based on the find- 
ing of the cytoplasmic inclusion bodies and 
on cytologic changes in expressed follicu- 
lar material. Although the inclusions are 
morphologically identical with those of in- 
clusion conjunctivitis, in trachoma they are 
much more numerous on the upper tarsal 
conjunctiva than on the lower and in inclu- 
sion conjunctivitis the situation is reversed 
(Braley, 1940). In expressed follicular ma- 
terial from trachoma, necrotic changes not 
found in other follicular diseases of the con- 
junctiva are to be seen in the form of cell 
debris, pale-staining cells, and numerous 
macrophages loaded with cell fragments 
(Thygeson, 1946). 


TREATMENT 


Prior to the introduction of sulfonamide 
therapy in 1938, trachoma was treated by a 
combination of medical and surgical means. 
Medical treatment consisted in the control 
of secondary infection by antiseptic drops, 
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and in the application to the conjunctiva of 
caustics, such as copper sulphate, silver ni- 
trate, quinine bisulphate, etc. Surgical treat- 
ment consisted in the correction of cica- 
tricial deformities, such as entropion and 
trichiasis, and in the removal of diseased 
conjunctiva by tarsectomy, The inadequacy 
of these measures is indicated by the fact 
that few patients tolerated treatment suffi- 
ciently long to obtain relief and that the 
few cures obtained took from one to many 
years of continuous medical care. 

Under sulfonamide therapy the prognosis 
of trachoma has changed entirely. In early 
cases cures can now be expected in a matter 
of weeks. As in the related virus disease, 
lymphogranuloma venereum, low dosages 
and relatively prolonged treatment times 
(2 to 4 weeks) are required. In the cicatri- 
cial stages sulfonamide therapy has proven 
less satisfactory and surgical intervention 
for the relief of cicatricial complications is 
sometimes necessary. Prognosis is poorest 
in those cases in which tear-function has 
been lost. 

Claims for the efficacy of penicillin ther- 
apy have been made (Darius, 1945) but 
have not as yet been established. 


EPIDEMIOLOGY 


In the countries of the Middle East, such 
as Egypt, trachoma is commonly acquired 
in the first year of life, usually from the 
mother. In areas in which periodic epi- 
demics of the acute ophthalmias occur, it is 
often transmitted simultaneously with the 
bacterial infections (Wilson, 1930). In 
countries in which the disease is only en- 
demic, as in the United States for example, 
spread occurs only when there is constant 
exposure to infection under conditions of 
poor hygiene such as obtain among the 
mountain folk of West Virginia, Kentucky, 
and Tennessee. On the basis of the virus 
content of epithelial scrapings, it is believed 
that acute cases are highly infectious and 
chronic cases only slightly so. In sporadic 
cases occurring in adults it is often impos- 
sible to trace the source of infection, but 
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it is believed that eye-to-eye transmission 
by means of fingers or fomites is possible 
and that the fly may play an important 
role (Wilson, 1930). So far no evidence to 
indicate the existence of a subclinical in- 
fection or carrier state has been advanced. 


Controt MraAsures 


The control of trachoma in the countries 
in which it is pandemic devolves chiefly 
upon the control of the acute ophthalmias 
(Wilson, 1945). This is now theoretically 
possible by means of chemotherapy but on 
practical grounds is limited by lack of 
funds, the countries in which trachoma is 
widespread being the ones most economi- 
cally depressed. Since trachoma is a disease 
of filth and poor personal hygiene, all meas- 
ures leading to improvement in the eco- 
nomic condition of the population exert a 
prophylactic effect. In the United States, 
the experience of the Indian Service in its 
attempts to control the disease has illumi- 
nated the dramatic effect of the change in 
therapeutic method. Prior to the introduc- 
tion of the sulfonamides in 1938, the exten- 
sive antitrachoma campaign conducted in 
the Indian schools was showing only par- 
tial success; as a result of the sulfonamide 
therapy instituted at that time the inci- 
dence of the disease has been strikingly re- 
duced (Forster and McGibony, 1944). In 
the white population of the United States 
control consists in the recognition and treat- 
ment of the disease, particularly in isolated 
communities. To this end stationary and 
mobile trachoma clinics have been insti- 
tuted in the states of Arkansas, Illinois, 
Missouri, and Virginia. 

INCLUSION CONJUNCTIVITIS 
(Synonyms: Inclusion blennorrhea, para- 
trachoma, swimming-pool conjunctivitis ) 

HisTORY 


A benign form of conjunctivitis in the 
new-born, unassociated with pathogenic 
bacteria, was described by Morax as early 
as 1903. Shortly after Halberstaedter and 
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Prowazek discovered cytoplasmic inclusion 
bodies in trachoma in 1907, Stargardt 
(1909), and then Schmeichler (1909), noted 
identical inclusions in ophthalmia neona- 
torum. In 1911, Lindner reported that he 
had found inclusions in all but a very few 
cases of ophthalmia neonatorum of nonbac- 
terial origin, and that he had been able to 
transmit the disease to the conjunctiva of 
the baboon and to recover identical inclu- 
sion bodies from the experimental disease. 
He defined the clinical characteristics of the 
disease and named it Einschlussblennor- 
rhoe, or inclusion blennorrhea. In 1910, 
Wolfrum described two successful inocula- 
tions of human beings with inclusion blen- 
norrhea exudate. 

Searching for the origin of this disease 
of the new-born, Halberstaedter and Pro- 
wazek (1909) found typical inclusions in 
scrapings from the genito-urinary tract of 
mothers of diseased infants and postulated 
the existence of an inclusion disease of the 
male and female genito-urinary tracts. This 
theory was supported by the work of Lind- 
ner (1910b) and Heymann (1910), who 
found inclusions in several cases of urethri- 
tis in the male. Later, Fritsch, Hofstiitter, 
and Lindner (1910) produced a conjunc- 
tival infection in a baboon with urethral 
exudate from nongonorrheal urethritis con- 
taining inclusions. 

The first filtration experiments were 
made in 1914. Botteri (1912) induced in- 
fection in the eye of a baboon with a Berke- 
feld V filtrate, and Gebb (1914) confirmed 
his work by obtaining infection in a human 
Subject with a similar filtrate. Subsequent 
filtration studies by Thygeson (1934), Til- 
den and Gifford (1936), and Julianelle et 
al. (1938) showed that the virus was filter- 
able with relative ease through coarse 
Berkefeld candles and gradocol membranes. 

Unfortunately, some confusion arose as to 
the relationship of the disease to trachoma 
and to the conjunctivitis with inclusions 
seen in adults, particularly in bathers in 
certain swimming pools. Some authors 
claimed the identity of this adult disease 
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with trachoma but such a conclusion was 
untenable in view of the self-limited nature 
of the inclusion disease and its failure to 
produce pannus or cicatrization. Morax 
(1933) differentiated it sharply from tra- 
choma and offered evidence, later confirmed 
by Thygeson (1934) and by Julianelle 
(1937), to show that the infant and adult 
types of conjunctivitis with inclusions, in 
spite of certain differences between them, 
were manifestations of a single disease. 
Thygeson and Mengert (1936) found 
that in mothers of babies with inclusion 
blennorrhea the genito-urinary disease was 
limited to the external os of the cervix and 
to an area of transitional epithelium iden- 
tical histologically with the epithelium of 
the conjunctiva. They reported that the 
infection produced no clinical symptoms 
in the mothers but that in the fathers it was 
only occasionally subclinical, usually ap- 
pearing as a mild, nonspecific urethritis of 
several months’ duration, Knowledge of the 
genito-urinary aspects of the disease was 
extended by Thygeson and Stone (1942a) 
who found the ocular infection to be an oc- 
cupational disease of obstetricians and gyn- 
ecologists. They suggested that the genito- 
urinary disease, although of little clini- 
cal significance, was probably widespread 
throughout the population. Thygeson 
(1941) reported that inclusion conjuncti- 
vitis responded rapidly to sulfonamide ther- 
apy, and later with Stone (1942b) showed 
that topical applications of the sulfona- 
mides were invariably successful in the 
treatment of the disease in the new-born. 


CLINICAL PictuRE 


The incubation period of inclusion con- 
junctivitis varies from a minimum of five 
days to a maximum of twelve. In the new- 
born the onset is acute, a purulent conjunc- 
tivitis developing rapidly with intense in- 
filtration of the conjunctiva, particularly 
of the lower lid. In very severe cases tran- 
sient pseudomembranes are noted and clini- 
cal differentiation from gonorrheal ophthal- 
mia may be difficult. After an acute stage, 
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lasting from ten days to two weeks, the 
disease gradually loses its intensity over a 
period of months. The discharge may cease 
in as short a time as two months, but the 
conjunctiva rarely if ever returns to normal 
in less than three months and may show 
infiltration for as long as a year. Unlike 
trachoma, however, inclusion conjunctivitis 
never develops pannus or significant con- 
junctival cicatrization. It is always self- 
limited, and persistent chronic infections 
are unknown. 

The clinical appearance of the disease in 
the adult differs, often rather strikingly, 
from that in the new-born baby. Typically 
it presents the picture of an acute follicular 
conjunctivitis with scanty discharge and 
preauricular adenopathy ; the follicular hy- 
pertrophy, unlike that of trachoma, is much 
more marked in the conjunctiva of the 
lower lid than in that of the upper. Occa- 
sionally, however, a severe infection may 
appear as a papillary conjunctivitis with 
moderately abundant exudate. In this form 
the adult disease more closely resembles 
the disease in the new-born but has never 
been known to have the fulminating charac- 
ter so often seen in the latter. The adult 
disease tends to persist over a longer period 
of time, sometimes for more than a year. 
All reported cases, however, have eventu- 
ally resolved spontaneously without resid- 
ual conjunctival or corneal changes. 


PATHOLOGIC PICTURE 


Examination of biopsy material from 
the disease in the new-born infant at onset 
shows an infiltration of the conjunctiva 
with small round cells, resulting in a many- 
fold increase in the thickness of the con- 
junctiva. The epithelium is infiltrated with 
polymorphonuclear cells and contains: nu- 
merous basophilic cytoplasmic inclusion 
bodies morphologically identical with those 
of trachoma. The presence of these inclu- 
sion bodies is the first recognizable patho- 
logic sign of the disease; they have been 
demonstrated during the incubation period 
of experimental human infections. Biopsy 
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material taken late in the course of the 
infection may show lymphoid follicles, a 
feature entirely lacking in the early stages. 

In the adult the typical pathologie pic- 
ture is a follicular hypertrophy of the con- 
junctiva associated with an infiltration of 
small round cells. The follicles have the 
same histologic structure as those of tra- 
choma but none of their necrotic aspects. 
Polymorphonuclear leukocytes predominate 
in conjunctival scrapings collected during 
the acute phase, but as the disease becomes 
chronic there is an admixture of mononu- 
clear cells. 


EXPERIMENTAL INFECTION; Host RANGE 


Like trachoma virus, inclusion conjunc- 
tivitis virus is infective only for monkeys, 
baboons, apes, and human beings; baboons 
and apes are more susceptible than mon- 
keys. Baboons inoculated with exudate de- 
velop an acute follicular conjunctivitis iden- 
tical clinically with the adult human dis- 
ease, but the clinical picture of inclusion 
blennorrhea in the new-born has never been 
reproduced in animals. Experimental in- 
clusion conjunctivitis in lower animals is 
somewhat more intense than is experimen- 
tal trachoma; it is of shorter duration, and 
its inclusions are relatively easy to demon- 
strate. Otherwise the two experimental dis- 
eases are indistinguishable. Because of the 
relatively intense character of experimental 
inclusion conjunctivitis, spontaneous fol- 
liculosis does not cause as much confusion 
as it does in connection with experimental 
trachoma. The cervix of the female baboon 
has been experimentally infected with in- 
clusion conjunctivitis virus (Braley, 1939), 
but all attempts to induce experimental 
urethritis in the male baboon have been un- 
successful. 


ETIOLOGY 


The cause of inclusion conjunctivitis is a 
virus of large particle size belonging to 
the psittacosis-lymphogranuloma venereum 
group of viruses. It passes Berkefeld V 
candles and its diameter, as determined by 
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filtration through gradocol membranes, lies 
between 0.15 and 0.39 micron (Thygeson, 
1934). It is destroyed rapidly by drying but 
can be preserved for several days in 50 
per cent glycerol or at refrigerator tempera- 
tures. All attempts to propagate it in chick 
embryo or in human conjunctival tissue cul- 
ture have failed. Group antibodies for 
the psittacosis-lymphogranuloma venereum 
group of viruses have been demonstrated in 
sera from patients with inclusion conjunc- 
tivitis (Rake, Shaffer and Thygeson, 1942). 

Infectious units of inclusion conjuncti- 
vitis virus are elementary bodies, which, 
when stained according to Giemsa’s method, 
have a diameter of about 0.25 micron. 
Masses of them can be seen in cells in the 
form of inclusion bodies (Fig. 34H) or 
they occur free in the exudate in acute 
cases (Fig. 341). In addition to the elemen- 
tary bodies, larger forms, first described by 
Lindner (1910a) and known as. initial 
bodies, are seen in young inclusions and 
occasionally free in the exudate (Fig. 34J). 
They appear to be the forms produced in 
the first few divisions of the virus within 
the cytoplasm of susceptible cells. In the 
inclusion body the virus appears as masses 
of elementary and initial bodies embedded 
in a carbohydrate matrix identical with that 
described for trachoma virus by Rice (Thy- 
geson, 1938). The inclusion bodies are lim- 
ited strictly to the superficial layers of the 
epithelium (Braley, 1938). This applies 
also to the genito-urinary infection in the 
female (Fig. 34K). The existence of a toxin 
has been postulated to explain the subepi- 
thelial changes which occur. The Virus is 
not affected by sulfonamides in vitro, but 
the disease is rapidly cured by sulfonamide 
therapy. Morphologic observations indicate 
that the sulfonamide probably acts by pre- 
venting development of the virus in Vivo 
rather than by killing it. 

Lindner suggested that trachoma virus 
and inclusion conjunctivitis virus were orig- 
inally identical, that inclusion conjuncti- 
vitis virus, as a result of its sojourn on the 
mucous membranes of the genito-urinary 
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tract through countless generations, even- 
tually lost its ability to produce pannus and 
cicatrization, and that the two viruses bear 
a relationship to each other similar to that 
exhibited by the viruses of vaccinia and 
variola. Up to the present time no data to 
support this hypothesis have been sub- 
mitted, however. Moreover, Allen (1944) 
reported that inclusion conjunctivitis virus 
has not taken on any of the characteristics 
of trachoma virus after serial conjunctival 
transfer on 40 human subjects. In this con- 
nection, Braley (1939) made the interesting 
observation that trachoma virus could pro- 
duce infection of the cervix of the female 
baboon. 


DIAGNOSIS 


The clinical diagnosis of inclusion con- 
junctivitis in the infant is facilitated by its 
delayed onset (5 to 12 days) and by the 
characteristic conjunctival thickening and 
coxcomblike appearance of the lower fornix, 
Clinical diagnosis, however, must be con- 
firmed by the finding of inclusion bodies. 
Since trachoma never develops in new-born 
infants in the first week or two of life, the 
demonstration of inclusions is pathogno- 
monic of inclusion conjunctivitis in the in- 
fant. 

In the adult an acute follicular conjunc- 
tivitis with mild preauricular adenopathy 
always suggests inclusion conjunctivitis. 
The absence of corneal changes is the clini- 
cal basis for differentiation from trachoma, 
but differentiation from other forms of 
acute follicular conjunctivitis cannot al- 
ways be made clinically. For the latter pur- 
pose laboratory diagnosis based on the find- 
ing of cytoplasmic inclusions is conclusive, 
except, of course, with respect to trachoma 
from which Supplementary differentiation 
on clinical or cytologic grounds must be 
made. As noted above, the expressed follicu- 
lar material from trachoma shows necrotic 
changes never seen in follicular material 
from inclusion conjunctivitis. 

Group antibodies for the psittacosis-lym- 


phogranuloma venereum group of viruses, 
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which have been reported, have no diag- 
nostic significance in inclusion conjuncti- 
vitis. 

Inclusion blennorrhea is the most impor- 
tant type of nongonococcal ophthalmia ne- 
onatorum and clinical laboratories in all 
hospitals should be capable of diagnosing it, 
particularly in view of the serious social 
consequences which may result from con- 
fusing it with gonococcal ophthalmia. It is 
important that epithelial scrapings be taken 
instead of the exudate films used for deter- 
mining bacterial infections. 


TREATMENT 


Prior to the introduction of sulfonamides, 
no form of therapy had had any effect on 
inclusion conjunctivitis. Sulfonamide ther- 
apy, however, is highly successful and may 
effect a clinical cure in as short a time as 
five days. Topical sulfonamide therapy. 
usually employed six times daily over a 
period of ten days in the form of 5 per 
cent sulfathiazole or sulfadiazine ointment, 
has been uniformly successful in the new- 
born infant and irregularly successful in 
adults. The lesser efficacy of topical therapy 
in adults is believed to be due to the dilu- 
tion of the ointment by the tears, a negli- 
gible factor in new-born infants who have 
little or no tear-function in the first few 
weeks of life. Oral administration of the 
sulfonamides has been invariably successful 
in adult cases, however, and relapses are 
almost unknown. No instance of a sulfona- 
mide-resistant virus strain has as yet been 
reported. Secondary bacterial infection is 
not a problem. 

Penicillin has not been effective in the 
treatment of inclusion conjunctivitis (Thy- 
geson, 1947). 


EPIDEMIOLOGY 


Eye-to-eye transmission of inclusion con- 
junctivitis is extremely rare and no epi- 
demics have been shown conclusively to be 
traceable to ocular infection. The epidemi- 
ology is believed to parallel that of gonor- 
rheal ophthalmia as seen in the United 
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States and European countries. The genito- 
urinary disease, like gonorrhea, serves as a 
reservoir from which infection of new-born 
eyes occurs during childbirth and from 
which sporadic adult infections develop as 
a result of accidental transfer of the genito- 
urinary exudate to the eye. The eye disease 
would in all probability cease to exist if it 
were not for the genito-urinary reservoir of 
virus. Doctors and nurses dealing with new- 
born infants and gynecologic conditions 
have been accidentally infected with inclu- 
sion conjunctivitis (Thygeson and Stone, 
1942a), just as they have been accidentally 
infected with gonorrheal ophthalmia. Swim- 
ming-pool infection was a problem before 
chlorination was introduced, the virus being 
transmitted through the water from the 
genito-urinary tract to the eye; cases are 
still being reported from small lakes and 
unchlorinated pools. Figure 34L shows the 
extraordinary number of virus elementary 
bodies which have been found on occasion 
in scrapings from the cervix and indicates 
what an abundant source of contamination 
the genito-urinary tract can be. 


ContTrROL MEASURES 


Control measures parallel those appli- 
cable to the control of gonorrheal ophthal- 
mia, except that the Credé silver-nitrate 
prophylaxis does not prevent inclusion blen- 
norrhea. The intracellular habitat of the 
virus no doubt serves to protect it from the 
action of the caustic. Recent studies sug- 
gest that topical sulfonamide prophylaxis 
may be effective. Control of swimming- 
pool infection would seem to depend upon 
proper chlorination. In a survey of univer- 
sity swimming pools, all properly chlori- 
nated, Thygeson and Stone (1942a) found 
no instance of infection. This was in sharp 
contrast to the number of cases studied 
which were known to have been contracted 
in unchlorinated pools. 

Simple precautions regarding the cleanli- 
ness of hands are sufficient to prevent trans- 
fer of the infection from a patient with the 
ocular disease to attendants. In nurseries, 
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however, careful isolation should be en- 
forced to prevent transfer from infant to 
infant. 


CLASSIFICATION 


Although the viruses of trachoma and in- 
clusion conjunctivitis possess the essential 
properties of viruses, i.e., filterability, in- 
clusion body formation, and obligate cell 
parasitism, they are set apart from the 
typical large viruses, such as those of vac- 
cinia and fowl-pox, by a number of distin- 
guishing properties. These include their sus- 
ceptibility to chemotherapy, the basophilic 
character of their inclusion bodies, and 
their intracellular cycle of morphologic 
variation. 

The similarity of the viruses of trachoma 
and inclusion conjunctivitis to psittacosis 
virus was noted by Thygeson in 1934, and 
several other atypical viruses with baso- 
philic inclusions and intracellular cycles of 
morphologic variation have been identified 
since then. With the essential properties of 
viruses, but differing from typical viruses in 
the properties enumerated above, these or- 
ganisms constitute a transitional group 
midway between the typical large viruses 
and the rickettsiae. In this connection it is 
interesting to note that Coles (1941), work- 
ing on conjunctivitis of oxen, sheep, and 
goats from which he recovered rickettsialike 
organisms, called attention to their mor- 
phologic variation and pointed out that a 
typical rickettsia such as Rickettsia rumi- 
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nantium showed the elementary-initial-body 
type of morphologic variation and was even 
sulfonamide-sensitive. 

Some authors (Busacca, 1933; Cuénod 
and Nataf, 1935) have recommended, on 
the basis of staining characteristics and 
morphology, that the agents of trachoma 
and inclusion conjunctivitis be classified 
with the rickettsiae. Since one of the essen- 
tial features of rickettsiae is the existence 
of an arthropod host, however, and there are 
no arthropod hosts for trachoma or inclu- 
sion conjunctivitis, or in any of the other 
diseases whose causative agents belong in 
this group, such a classification would seem 
to be unjustified. It has indeed become in- 
creasingly apparent that the group should 
be set apart from both the typical viruses 
and the rickettsiae. To this end, a number 
of proposals for definitive terminology have 
been advanced, all of them giving credit to 
Prowazek in one way or another for his 
original observations on trachoma virus 
which was the first member of the group 
to be described. The suggestion having 
priority is that of Moshkovsky (1945) who 
proposed the family name of Chlamydo- 
zoaceae for the group and the names Chla- 
mydozoon trachomatis and Chlamydozoon 
oculogenitale for the viruses of trachoma 
and inclusion conjunctivitis respectively. 
“Chlamydozoa” or “mantle-body” was the 
term employed by Halberstaedter and Pro- 
wazek in their original description of the 
agent of trachoma. 
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Measles 


(Synonyms: Morbilli, rubeola,* rougéole, Masern) 


INTRODUCTION 


Measles is one of the important exanthe- 
mata. The morbidity rate in young children 
is very high and by adult age almost every- 
one has had the disease. It is characterized 
by a prodromal period with increasing 
fever, catarrhal symptoms, and enanthem 
in the mouth (Koplik’s spots) followed 
by a typical rash whose onset portends 
disappearance of the fever. Nowadays 
the prognosis is good in the uncomplicated 
disease and, with modern chemotherapy, 
even in complications other than encepha- 
litis, 


HISTORY 


Measles was certainly recognized as an 
independent disease by the English physi- 
cian Sydenham in the 17th century but the 
Arabian, Rhazes, in the 9th century had 
distinguished it from smallpox of which he 
thought it a mild form. Epidemics of vary- 
ing severity have occurred in all inhabited 
parts of the world, striking with particular 
severity at certain periods as in the black 
measles of the 18th century (1763-1768) in 
London, in virgin soil as in the Faroe 
Islands (Panum 1846), or when accom- 
panied by bacterial trailers as in the U. S. 
Army camps during the first world war 


* Rubeola unfortunately is used as a synonym for 
both measles and rubella. 


(Cole and MacCallum, 1918). Home in 
1758 reported attempts at transmission of 
the disease by placing cotton soaked with 
fresh blood from patients, in the acute 
phase of the disease, in incisions in the skin 
of individuals with no previous history. 
Measles apparently resulted within seven 
days in 7 of the 15 volunteers. Unequivocal 
success in transmission of measles was ac- 
complished by Hektoen (1905) who in- 
jected two individuals subcutaneously with 
blood taken from patients 24 and 30 hours 
after the appearance of the rash. Typical 
measles appeared after incubation periods 
of from 11 to 13 days. Anderson and Gold- 
berger (1911a) first demonstrated signifi- 
cant and successful transmission of measles 
to an animal, namely, the macaque monkey. 
Plotz (1938) described the first convincing 
cultivation of the virus in tissue culture, 
and Rake and Shaffer (1939) were able to 
accomplish the same result in embryonated 
chicken eggs. The prevention of the disease 
by inoculation of human serum containing 
neutralizing antibodies was first described 
by Nicolle and Conseil (1918). 


CLINICAL PICTURE 


The incubation period of the natural 
disease up to the appearance of the exan- 
them (rash) is from 12 to 19 days, usually 
exactly 14 days. Deliberate human inocula- 
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PATHOLOGIC PICTURE 


tion of amounts of virus probably larger 
than those transmitted naturally may re- 
sult in shorter incubation periods, i.e., 10 to 
13 days until the appearance of the rash. 
The emergence of rash is preceded, how- 
ever, by 1 to 5 days of prodromal symptoms 
and incubation periods as short as 7 days, 
until the onset of such symptoms, are re- 
corded in the natural disease. 

The prodromal symptoms are for the 
most part catarrhal. Onset may be sudden 
with a chill. There are sneezing, running 
nose, redness of eyes, cough and_ fever. 
Faint or scattered prodromal rash may oc- 
cur but the characteristic diagnostic lesions 
are the Koplik or buccal spots (Koplik, 
1896). These appear in 90 to 95 per cent 
of all cases from 4 to 1 days before onset of 
rash. They are usually bilateral and occur 
at the level of the premolars and around 
the papilla of the parotid duct; not infre- 
quently they appear on the mucous mem- 
brane of the lower lip. They have a white 
or bluish-white center set on an erythema- 
tous base, and are best seen by daylight. 

The fever and cough become steadily 
worse until the appearance of the rash. This 
appears first on the forehead and behind the 
ears. From there it spreads over face, neck, 
trunk and limbs. It consists of macular 
or maculopapular lesions, often becoming 
confluent and blotchy. It disappears on 
pressure. One to 2 days are required for its 
complete development and after this the 
fever falls coincident with the gradual dis- 
appearance of rash, The rash leaves behind 
it a brownish staining which is followed 
later by branny desquamation. Photophobia 
and leukopenia are usually found at the 
height of the disease. 

Virus is present in the blood and in the 
nasopharyngeal secretions probably during 
the whole of the prodromal period and up 
to 24 or 30 hours following the appearance 
of rash. 

Complications are not infrequent. The 
most usual are otitis media with perforation 
of the drum, and bronchopneumonia. The 
former is always due to secondary bacterial 
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infection. The latter is also due in most 
instances to complicating bacterial infec- 
tion with streptococci, pneumococci or HH. 
influenzae, and it is in these cases that the 
highest mortality occurred before the devel- 
opment of the modern methods of chemo- 
therapy. Encephalomyelitis is today the 
most severe sequela. This is fortunately 
rare (usually about 1 in 10,000 cases), but 
the incidence may be higher in certain epi- 
demics. Symptoms of involvement of the 
central nervous system appear usually some 
days after appearance of the rash, perhaps 
after this has faded. The temperature rises 
again and the patient becomes drowsy or 
has convulsions. Protein and cells increase 
in the spinal fluid. The mortality is approx- 
imately 10 per cent, but as many as 65 per 
cent of survivors show permanent mental 
or physical impairment (Ford 1928). Ap- 
pendicitis is a definite though rare compli- 
cation and seems to be due to specific al- 
terations in the mucosa (see below). 


PATHOLOGIC PICTURE 

The catarrhal inflammation of the mu- 
cous membranes is not typical. The lym- 
phoid tissue, as for example that in the 
appendix, is often hyperplastic and charac- 
teristic multinucleated giant cells are found 
in such tissue in lymph nodes, tonsils, ade- 
noids, spleen and appendix. The cells meas- 
ure up to 100 u and contain as 
many as 100 nuclei (Warthin, 1931; Fin- 
keldey, 1931). Their origin appears to be 
from lymphocytes, but whether by amitotic 
division or by fusion is not clear. The 
Koplik spots consist of focal exudations of 
serum and endothelial cells which form 
vesicles. These are followed by focal necro- 
sis (Ewing, 1909). The rash starts around 
the superficial vessels of the corium with 
exudation of serum and proliferation of 
endothelial cells. This exudate spreads into 
the epidermis, both focally and diffusely, 
leading to vacuolation and necrosis of the 
epithelial cells and vesicle formation. Later 
the epithelium and exuded endothelial cells 
are desquamated. Extravasation of red cells 
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is rare (Mallory and Medlar, 1920). No 
convincing evidence of an inclusion body 
characteristic for measles has been pre- 
sented; many bodies implicated as specific 
are not true inclusions. In cases of encepha- 
lomyelitis the central nervous system shows, 
in the gross, congestion and petechial hem- 
orrhages. Microscopically, early cases show 
perivascular hemorrhage and lymphocytic 
infiltration. Later demyelination of greater 
or lesser extent appears in brain and cord. 
The demyelinated areas may show some in- 
filtrations with leukocytes and monocytes, 
and secondary gliosis. 


EXPERIMENTAL INFECTION; HOST 
. RANGE 


Measles can be transmitted to monkeys 
as was first indicated by Josias (1898) and 
established by Anderson and Goldberger 
(191la). Species found susceptible include 
Macacus rhesus (mulatta) and M. cynomol- 
gus (Anderson and Goldberger, 1911b) ; 
M. sinicus (Nicolle and Conseil, 1911) ; 
and M. fuscatus (Kawamura, 1922). Mon- 
keys can be infected by subcutaneous, 
intradermal, intramuscular, intravenous, 
intracerebral, intraperitoneal (Anderson 
and Goldberger, 1911b), and intratracheal 
(Blake and Trask, 1921a) routes, when 
human blood or catarrhal secretions are 
used; also by contact, although this has 
proved very difficult to reproduce (Gold- 
berger and Anderson, 191la) and by in- 
halation (Rake and Shaffer, 1940). The 
incubation period in monkeys varies with 
the dose of virus and may be from 3 to 22 
days, with a usual period of 9 or 10 days 
(Blake and Trask, 1921a: Shaffer, Rake, 
Stokes and O’Neil, 1941). Various symp- 
toms occur, the most common of which is 
an exanthem of greater or lesser extent. 
Enanthemata occur in approximately 46 
per cent of MJ. mulatta; conjunctivitis or 
other catarrhal signs in 30 to 50 percent: 
fever in approximately 30 per cent and neu- 
trophilopenia in 90 per cent (Blake and 
Trask, 1921a; Shaffer, Rake, Stokes and 
O’Neil, 1941), Although in a severe infec- 
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tion in a monkey all above symptoms may 
occur, in most instances only two or three 
will be present and their intensity varies 
markedly. In rare instances, in monkeys re- 
ceiving combined subcutaneous and intra- 
nasal inoculations, mild symptoms sugges- 
tive of involvement of the central nervous 
system have been observed (Rake and 
Shaffer, 1940). Virus is present in the buccal 
mucosa and secretions (Goldberger and 
Anderson, 1911a; Blake and Trask, 1921a), 
and in the blood (Lucas and Prizer, 1912). 
Study of exanthem or enanthem shows a 
picture essentially similar to that in man 
(Blake and Trask, 1921b). There is no con- © 
vincing evidence that the virus of measles 
produces any disease, or multiplies, in any 
experimental mammal other than monkeys. 


ETIOLOGY 


The virus in blood or nasopharyngeal 
washings passes through Berkefeld Nor 
Seitz EK filters (Goldberger and Ander- 
son, 1911b; Blake and Trask, 1921a; 
Wenckebach and Kunert, 1937; Rake and 
Shaffer, 1940). It can be preserved at 
—72°C, or —35°C, for periods up to four 
weeks, and for several days at 0°C. At room 
temperature infectivity is retained for at 
least 34 hours. It may be dried in vacuo 
from the frozen state and following such 
drying will remain active for at least 15 
weeks. At temperatures around —72°C. it 
resists a pH of 6 for 60 hours, but lower pH 
ranges rapidly inactivate it. It withstands 
10 per cent anesthetic ether for 40 minutes 
at room temperature. Many claims of suc- 
cessful cultivation of the virus of measles 
have been made. See reviews by Rake, 
Shaffer and Jones (1941) on studies with 
tissue culture, and Shaffer, Rake, Stokes and 
O’Neil (1941) on studies with chicken em- 
bryos. In many cases the agents cultivated 
would seem not to be those responsible for 
measles, In the author’s opinion probably 
the first successful cultivation in tissue cul- 
ture was that of Plotz (1938) and in the 
chicken embryo that of Rake and Shaffer 
(1939). The tissue culture used ( Plotz, 
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1938) consisted of minced 10-day chick 
embryo in Tyrode’s solution, monkey serum 
and chicken plasma. Successful propagation 
for ten passages was demonstrated by mon- 
key inoculation with production of mild 
disease and subsequent solid immunity to 
challenge inoculation with known positive 
human blood. In the chicken embryo the 
virus has been cultivated by inoculation into 
the amniotic or allantoic cavities (Rake, 
1943) but mostly on the chorio-allantois 
by the Burnet technic, The virus produces 
no characteristic lesion on the membrane. 
Egg-passage virus from the early passages 
is capable of producing a slightly modified 
disease in man, while later passages have re- 
sulted in a greatly modified disease with 
slight symptoms or signs, or nothing at all. 
In monkeys even the earliest passages 
usually produce a mild disease, as does 
material from human cases (Shaffer, Rake, 
Stokes and O’Neil, 1941). Successful pro- 
duction of disease with cultured virus re- 
sults in increased resistance to natural in- 
fection or to challenge inoculation with 
virus in human material (Maris, Rake, 
Stokes, Shaffer and O’Neil, 1943). How 
long such increased resistance may last is 
not known. There is evidence that a too 
greatly modified disease will not result in 
prolonged increased immunity, a_ result 
similar to that seen with serum modification 
of the natural disease (see below). 


DIAGNOSIS 


During an epidemic the diagnosis is easy. 
The Koplik spots in the mouth, rather than 
the rash, are diagnostic of sporadic cases or 
cases at the commencement of an epidemic. 
In some instances, perhaps 5 per cent, Kop- 
lik spots may be absent and then the differ- 
entiation from rubella becomes extremely 
difficult, The latter disease tends to be 
milder with only slight catarrhal symptoms. 
Moreover, in rubella early and marked 
adenitis is the rule. The severer forms of 
catarrhal laryngitis preceding the rash of 
measles must be distinguished from that of 
early smallpox, from rubella and from scar- 
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let fever. The latter shows characteristic 
circumoral pallor and a rash which is never 
punctuate on the face. Serum or drug rashes 
may be morbilliform in character. 


TREATMENT 


In the uncomplicated form, treatment is 
largely symptomatic, Bed rest and light 
diet are indicated together with subdued 
light because of the conjunctivitis and 
photophobia. A sedative may be required 
for the cough. Secondary bacterial infec- 
tions can be successfully combated with 
sulfonamides and penicillin or, in case of 
Gram-negative organisms such as H, in- 
fluenzae, streptomycin. 

Specific therapy consists in the use ‘of 
serum antibodies. Several forms of anti- 
body preparations have been used including 
serum from convalescents (Nicolle and 
Conseil, 1918), adult serum (Rietschel, 
1921), or placental preparations (McKhann 
and Chu, 1933), all of which depend for 
their efficacy on the fact that most adults 
have suffered from measles and that pools 
of adult blood will therefore contain spe- 
cific globulin antibodies. Lately, plasma 
elobulin concentrates, especially Fraction 
II which consists of all the gamma and 
considerable beta globulin, have been used 
(Cohn, Oncley, Strong, Hughes and Arm- 
strong, 1944). Before the advent of the 
elobulin concentrates, therapy has been ad- 
ministered mostly during the incubation 
period to prevent or modify the disease in 
children known to have been exposed. Pre- 
vention is advisable in the case of very 
young or sick children and is obtained by 
use of a large dose sufficiently early after 
exposure, ie., in children three years or 
younger 5 cc. of convalescent or 10 cc. of 
adult serum within six days after exposure. 
For older children the age is multiplied by 
2 for convalescent serum or by 4 for adult 
serum to obtain the dose in cubic centi- 
meters. Modification can be obtained by use 
of a dose of serum or other preparation 
properly adjusted to the size of the child and 
the probable length of time since exposure. 
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For attenuation the same amounts as for 
prevention may be used if given later than 
six days after exposure, or half the amount 
may be given within the first six days, pref- 
erably on the third day. In the case of 
globulin concentrates, 0.5 cc. given to chil- 
dren under 6 years within seven days of 
exposure results in complete protection of 
about 50 per cent of them and modified 
disease in the others. If ideal dosage is 
attained the disease is modified to a degree 
in which no real malaise is suffered but 
complete protection is achieved. Stillerman, 
Marks and Thalhimer (1944) have drawn 
attention to the frequency with which very 
mild symptoms are noted on careful ex- 
amination, following doses assumed to be 
preventive. Without careful follow up, such 
symptoms would be, and often are, entirely 
overlooked, but too large a dose with no 
Symptoms or markedly modified ones will 
not result in lasting protection. The failure 
of markedly modified experimental disease 
to produce immunity has been commented 
on under etiology. 

Now that highly concentrated prepara- 
tions of immune globulin are available, 
with antibody titers from 15 to 35 times 
as high as in the original plasma pool, at- 
tempts are being made to use these thera- 
peutically by intramuscular injection, par- 
ticularly in the prodromal stages of the 
established disease (Stokes, Maris and 
Gellis, 1944). The results are suggestive but 
not too clear. Apart from encephalitis, the 
prognosis of the disease is good. 


EPIDEMIOLOGY 


Measles, smallpox and chickenpox are 
the most infective of the exanthemata. 
Measles is particularly infective during the 
catarrhal, prodromal stage when the virus 
can undoubtedly be spread over consider- 
able distances within closed spaces. Articles 
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freshly contaminated with catarrhal secre- 
tions can carry the disease. Infectivity 
wanes rapidly after the appearance of the 
rash. Measles is endemic in all large com- 
munities. Major epidemics appear at about 
three-year intervals. Only approximately 1 
per cent of susceptible individuals fail to 
contract measles on their first close contact 
with the disease. By the age of 20 approxi- 
mately 85 per cent of persons in civilized 
countries have had the disease, and when 
it has been introduced into isolated com- 
munities it rarely spares any but those 
who have experienced a previous epidemic. 
Second attacks are unusual but not un- 
known, and certain very unusual indi- 
viduals appear never to acquire an 
immunity and suffer repeated typical at- 
tacks. 


CONTROL MEASURES 


Early reporting of cases of measles is 
important. When the disease is recognized 
in a community any known susceptible 
child suffering from a catarrhal infection is 
suspect, particularly if there is history of 
exposure. Koplik spots should be watched 
for especially. Isolation, and disinfection of 
articles soiled with catarrhal secretions, 
should be carried out from the first appear- 
ance of the prodromal symptoms until four 
or five days after the appearance of the 
rash, a period of some nine days in all. 
Quarantine of children during epidemics 
in large communities is of little value. 
Quarantine of exposed individuals for 14 
days may be practiced in the case of scat- 
tered communities, at least to the extent of 
forbidding such individuals to attend 
schools or public gatherings. Segregation 
of infants, young children or those sick 
from other diseases should be carried out 
wherever possible. 
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Rubella 


(SYNONYMS: 


German measles, 


rubeola,* 


epidemic roseola, Rotheln or Roteln, rubéole ) 


INTRODUCTION 


Rubella is a mild exanthem in childhood. 
Recent work has shown the serious effects 
on the fetus following the occurrence of 
the disease during pregnancy, but in the 
mother herself the disease, if somewhat 
severer than occurs in childhood, is not 
serious. Apart from effects in unborn chil- 
dren, the prognosis is always excellent. 


HISTORY 


Although rubella has undoubtedly ex- 
isted for many centuries, confusion of it 
with other exanthemata has obscured its 
true identity until comparatively recently. 
Wagner (1829) first Separated it from 
measles and scarlet fever as a distinct 
entity, but his observations were largely 
ignored for the next 50 years. Confusion 
between rubella and measles still] exists, 
and probably the most important observa- 
tion from the stand of differential diagnosis 
was that of Koplik (1896) on the character- 
istic enanthem of measles which today 
bears his name. Until recently rubella has 
been considered a mild and unimportant 
disease, This view has been altered by the 
brilliant observations of Gregg (1941), 
since amply confirmed, on the serious effect 





* Rubeola unfortunately is used as a synonym for 
both measles and rubella. 


of the disease in pregnant females on the 
fetus in utero, 


CLINICAL PICTURE 


The symptoms are usually mild, particu- 
larly in children. After an incubation period 
of from 14 to 23 days, usually 18, there 
may be a short prodromal period with mild 
catarrhal symptoms and malaise, but no 
fever. The rash then appears, starting on 
the face and head and spreading to neck 
and trunk. It reaches its full development 
usually within 24 hours. In early stages it 
resembles the rash of measles, consisting of 
round, pink, slightly raised macules which 
may be discrete or confluent. Such con- 
fluent rash in its later stages may resemble 
scarlet fever, but usually it is morbilliform. 
Rarely the rash is papular. The exanthem 
lasts only two or three days and may char- 
acteristically appear on new areas after it 
has faded in those first affected. Slight 
branny desquamation is sometimes seen. 
Koplik spots (see measles) are absent; but 
a fine red enanthem may occur on the soft 
palate, and the tonsils may be enlarged. 
Fever is slight and may last for the dura- 
tion of the rash. The lymphadenitis is char- 
acteristic and affects particularly the cervi- 
cal and occipital nodes. These may be 
tender. Such swelling persists for two or 
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three weeks. According to Habel (1942), 
virus is present in blood and nasopharyn- 
geal secretions during the first 30 hours 
after the appearance of the rash. Complica- 
tions are rare but those seen, such as 
neuritis and arthritis, appear to be more 
frequent in adults than in children. There 
is no tendency to secondary infection. 
Gregg (1941) first showed the serious 
effect on the child of rubella in the mother 
during pregnancy, particularly during the 
early postconceptual months. He drew par- 
ticular attention to cataract and cardiac 
malformations. Later studies in Australia, 
the United States and England have con- 
firmed the essentials of Gregg’s observa- 
tions. There is some evidence that such 
malformations are more frequent following 
severe attacks in the mother but, as has 
already been pointed out, rubella is a 
more severe disease in adults, at least as it 
occurs today. Attention should be drawn 
in particular to two large surveys in Aus- 
tralia (Gregg et al., 1945; Swan et al., 
1946). From these it appears that rubella 
in the first three months of pregnancy re- 
sults in serious congenital malformations 
so often (perhaps 90 per cent or more) that 
abortion in such cases warrants considera- 
tion. American statistics (Ingalls and Gor- 
don, 1947; Ober, Horton and Feemster, 
1947) now available suggest a defect rate of 
about 50 per cent for rubella in the first 
three months of pregnancy. This figure is 
much lower than that given by the Austral- 
ian groups. It should be emphasized, 
however, that the American statistics are 
collected at an earlier date after birth than 
are the Australian, and many of the com- 
moner abnormalities, particularly the deaf- 
ness, would not be included. Infection in the 
later months carries with it less liability. 
The Australian studies have made it clear 
that of all the congenital defects micro- 
cephaly (74 per cent) and deafness with 
secondary mutism (69 per cent) are the 
most frequent, with cardiac malformations 
(39 per cent) and eye defects, particularly 


cataract (17 per cent), following in that 
order, 


PATHOLOGIC PICTURE 

Although the lymph nodes are swollen 
and some authors note enlargement of the 
spleen, no characteristic changes have been 
described. Hess (1914) states that lympho- 
cytosis at or preceding the time of ap- 
pearance of rash is characteristic. 

Pathologic changes have been studied in 
congenitally affected children born of 
mothers infected with rubella during preg- 
nancy. From the extent of the malforma- 
tions it is clear that all three germ layers 
are affected. Gregg (1941) noted that all 
three necropsies in his series showed patent 
ductus arteriosus, and one of them showed 
patent foramen ovale. Swan (1944) found 
patencies of both in all his three necropsies, 
and no signs of endarteritis obliterans 
could be found in the ducti. The children 
were usually undernourished... Affected eyes 
were small (microphthalmia) and the lens 
showed massive central or nuclear necrosis 
with distortion of the peripheral lens fibers. 
Carruthers (1945) examined the ears in one 
case with deafness and found absence of 
differentiation of primitive cells to form 
the organ of Corti. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


The disease has been transmitted to chil- 
dren by the inoculation of filtered nasal 
washings (Hiro and Tasaka, 1938). Six of 
16 developed typical rubella and two others 
rubella sine eruptione after an incubation 
period of 5 to 17 days. Hess (1914) inocu- 
lated four rhesus monkeys with blood taken 
from human cases within 24 hours of the 
appearance of rash. One animal showed a 
sharp febrile response on the nineteenth 
day but nothing else. Habel (1942) has re- 
ported the successful transmission of the 
disease to M. mulatta (rhesus monkeys). 
Nasal washings or defibrinated blood were 
used, being collected usually within 12 
hours of the appearance of the rash. The 
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animals, following subcutaneous, intra- 
peritoneal, intranasal or intravenous in- 
oculation of filtered or unfiltered material, 
showed mild disease in 13 out of 16 at- 
tempts. The incubation period was from 
seven to nine days. Pyrexia was slight. 
Some leukopenia occurred. The exanthem, 
which was not always present, consisted of 
sparse pink macules chiefly on the trunk. 
There was no enanthem. Habel transferred 
the disease from monkey to monkey in 
one series for five passages. Challenge in- 
oculations of monkeys, within one to three 
months after the original infection, were 
inconclusive. At least two of five animals 
were reinfected. No cross immunity be- 
tween measles and rubella was found. 
Cultivation in the chicken embryo is dis- 
cussed under etiology. Attempts to transmit 
the disease to other animals have failed. 


ETIOLOGY 


Hiro and Tasaka (1938) reported suc- 
cessful transfer of the disease to children 
by the use of nasal washings filtered 
through Berkefeld W or Seitz EK filters. 
Habel (1942, 1947) also used filtered nasal 
washings for successful transfer of rubella, 
showing that the material passed through 
Berkefeld N filters. Apart from filterability, 
pointing to a virus, little is known about 
the causative agent. Rubella does behave in 
many ways like a viral disease. Habel 
(1942) has made serial passages on the 
chorio-allantois of the chicken embryo. No 
lesions developed on the membrane, but 
successful transmission of rubella to the 
monkey was noted after five such passages. 


DIAGNOSIS 


Rubella must be distinguished from 
measles, exanthem subitum and infectious 
mononucleosis (glandular fever). Differ- 
ential diagnosis from the first is best es- 
tablished by the absence of Koplik spots 
but the milder course of rubella, the en- 
larged cervical nodes and the different dis- 
tribution of the rash are useful features. 
Exanthem subitum starts abruptly with 
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fever, and rash is unusual before defer- 
vescence; the disease is even milder than 
rubella and is usually confined to infants 
and very small children. The rash which 
may occur in infectious mononucleosis is 
protean in type but may mimic any of the 
common exanthemata. In this disease, how- 
ever, there is an increase, up to 75 or 85 
per cent, of lymphoblastic mononuclear 
cells in the blood and a rise in the titer of 
heterophile antibodies. Rashes due to drugs 
may resemble rubella, and such a cause for 
the exanthem must be excluded. 


TREATMENT 


The treatment of rubella is largely symp- 
tomatic, and in many cases the disease is 
so mild that no treatment, even bed rest, is 
required. Some of our ideas have changed, 
however, with the demonstration of the 
serious and frequent damage to the unborn 
child if rubella occurs during pregnancy. 
If a pregnant woman is exposed to rubella, 
trial may be made of the use of immune 
globulin in one form or another (see 
Measles). Results with serum used as a 
prophylactic or modifying agent in rubella 
are contradictory. Barenberg and his col- 
leagues (1942) present presumptive evi- 
dence of its suppressive action, but other 
investigators have failed to substantiate 
these results. 


EPIDEMIOLOGY 


Rubella occurs in epidemics with a maxi- 
mum incidence in winter and spring months. 
The incubation period is from two to three 
weeks, usually 18 days. An attack usually, 
but not always, produces a permanent im- 
munity. The disease is transmitted, as is 
measles, by contact with discharges from 
the nasopharynx of the patient either di- 
rectly or from freshly soiled articles, espe- 
cially during the prodromal period and for 
perhaps 48 hours thereafter. That. con- 
tagiousness is less than in measles is indi- 
cated by the higher attack rate for rubella 
amongst adults, 
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CONTROL MEASURES 


Before the serious results of an attack 
during pregnancy were recognized control 
measures were of little importance. It is 
now clear, however, that girls should have 
rubella, when possible, before the child- 
bearing period. If a pregnant woman has 
not had rubelka, or even if she has (because 
of possible faulty diagnosis of the first at- 
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tack or because of possible second attack), 
every attempt should be made to isolate 
her from the disease if it is known to be 
occurring in the vicinity in endemic or epi- 
demic form. If despite precautions, she is 
exposed, prophylaxis with immune globulin 
should be attempted for lack of anything 
else. A definitive study of the usefulness of 
immune globulin in_ this 
urgently needed. 


connection is 
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Exanthem Subitum 


(SyNoNYMs: Roseola subitum, roseola infantilis, roseola infantum, 
pseudo-rubella, exanthem criticum, sixth disease, rose rash of infants) 


INTRODUCTION 


Kxanthem subitum is an acute illness 
with sudden onset, confined almost entirely 
to infants and young children. It is mildly 
contagious and may occur in limited out- 
breaks or in epidemic form in institutions. 
It is characterized by fever, from three to 
five days, which terminates on or shortly 
before the appearance of a transient fine 
rash on neck, trunk and upper extremities. 
The prognosis is excellent. 


HISTORY 


The disease, although probably known 
for over a century, was first described as a 
distinct entity by Zahorsky (1910) in the 
United States. This report was immediately 
followed by reports of the disease from 
many parts of the world, It had hitherto 
been overlooked due to confusion of it with 
other exanthemata. 


CLINICAL PICTURE 

Most of the cases occur in children under 
4 years. Twelve months is a particularly 
susceptible age. Cutts (1938) has described 
a typical case in a 31-year-old woman. 
Both sexes are equally affected. The onset 
is sudden and the rise in temperature, 
sometimes to 105° or 106° F., may be com- 
plicated with convulsions. Fever lasts from 


three to five days, is of intermittent or 
remittent type and disappears by crisis. 
The child is irritable. In some cases the 
onset of rash may precede the disappear- 
ance of fever, but in most cases it follows 
such disappearance by a few hours to one 
day. The rash is typically macular and fine 
but may be maculopapular. It appears first 
on the trunk, later on the neck and upper 
extremities. Sparse rash may occur on the 
face. The rash fades rapidly, desquamation 
is rare and pigmentation does not occur. 
Clemens (1945) has described an enanthem 
of erythematous specks and streaks on the 
soft palate. Typical cases without the rash 
(voseola sine eruptione) occur. Diarrhea is 
often present. The disease may recur after 
apparent complete recovery. Occasionally 
neurologic symptoms may be seen. These 
are usually of the mild type termed “men- 
ingismus.” Leukopenia and relative or even 
absolute lymphocytosis are characteristic 
and are most marked around the third day 
of fever. Such lymphocytosis may be ac- 
companied by slight enlargement of the 
lymph nodes, Monocytes may also be in- 
creased to as high as 17 per cent. 


ETIOLOGY 


The causative agent is still unknown. All 
attempts at cultivation of bacteria from the 
blood at various Stages of the disease have 
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been negative. No experimental infection 
has been established. 


DIAGNOSIS 


Exanthem subitum must be distin- 
guished from measles, rubella, scarlet fever 
and dengue. From the first it may be dis- 
tinguished by the mildness or absence of 
coryzal symptoms, absence of Koplik 
spots, and distribution of the rash. The 
critical termination of fever on or before 
the appearance of the rash is a distinguish- 
ing feature from all the above exanthemata, 
as is the low degree of apparent contagious- 
ness. From rubella it is also distinguished 
by the sudden onset and the slight degree 
of enlargement of lymph nodes. Scarlet 
fever shows marked angina, a different 
blood picture and a type and course ot 
rash entirely different with its typical cir- 
cumoral pallor, its residual staining and its 
marked and coarse desquamation. From 
dengue, exanthem subitum is distinguished 
by the lack of a second rise of temperature 
and the absence of intense pains in bones, 
joints and muscles, Distinction of the rash 
of exanthem subitum from that produced 
by certain drugs may be difficult and history 
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of administration of sulfonamides or other 
drugs should be sought. 


TREATMENT 
The treatment is entirely symptomatic. 


Sulfonamides are without effect. The prog-. 
nosis is excellent in all cases. 


EPIDEMIOLOGY 


The maximum incidence of the disease 
is in the spring and fall. The incubation 
period appears to be about ten days with 
a range of 7 to 17 days (Cushing, 1927). 
As pointed out above, the disease can as- 
sume mildly epidemic form. Usually, how- 
ever, it does not spread even within a 
family group of young children and many 
authors have flatly denied that it is con- 
tagious. In view of the occurrence of the 
disease without rash and the transient 
nature of the rash in many Cases, it seems 
to the author that the mild contagiousness 
is, in part at least, only apparent and re- 
sults from a high proportion of subclinical 
or unrecognized infections, particularly in 
older children. 

No special methods of control are indi- 
cated. 
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Diseases Caused by the Virus 
of Herpes Simplex 


INTRODUCTION 


The virus of herpes simplex is one of the 
commonest infectious agents of man. The 
clinical conditions known to be due to this 
agent can be classified under diseases (1) 
of the skin, (2) of the mucous membranes, 
(3) of the eye, and (4) of the central 
nervous system. 

The following factors are common to all 
these diseases: (1) tissues preferentially at- 
tacked are those of the embryonic ecto- 
dermal layers; (2) visible manifestations 
are Characterized by vesicle formation in 
the epithelial layers; (3) lesions are histo- 
logically characterized by type A intra- 
nuclear inclusion bodies; and (4) the virus 
can be isolated with relative ease from in- 
fected tissues. 


HISTORY 


Lowenstein (1919) was the first to pub- 
lish evidence that a virus from human 
herpetic keratitis and from herpes simplex 
would produce specific lesions on the cornea 
of a rabbit. He credited Griiter with pri- 
ority for similar unpublished experiments 
in 1912 and 1913. Griiter (1920) described 
the successful transmission of the disease 
from an experimentally infected rabbit 
back to the normal cornea of a blind man. 

In 1920, it was found that herpes virus 
could cause encephalitis in rabbits (Doerr 


1920), and, in the same year, an active 
agent with the characteristics of herpes 
virus was isolated from a patient who had 
died of von Economo’s encephalitis (Leva- 
diti and Harvier, 1920). This gave rise to the 
idea that herpes virus might be a less viru- 
lent variant of the “virus of encephalitis” 
(Levaditi, 1922). However, with increased 
experience the conclusion has been reached 
that herpes virus is not the cause of this 
type of epidemic encephalitis, its occasional 
isolation being the result of a coincidental 
latent infection. 

Andrewes and Carmichael (1930) ob- 
served that a large proportion of normal 
adults had in their blood neutralizing anti- 
bodies against herpes virus, and that re- 
current herpes occurred in those with neu- 
tralizing antibodies, while those without 
were free. Since these findings appeared to 
be contrary to the usual pattern of in- 
fectious disease, and since herpes did not 
seem to spread from patient to patient but 
seemed to be provoked by some nonspecific 
stimulus, such as fever, Doerr (1938) sug- 
gested “that herpes is not an infectious 
agent which is maintained by a chain of 
infection but that it is endogenously gen- 
erated in the human organism.” 

Some of the difficulties outlined above 
have been resolved within the last ten 
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years. It was discovered by Dodd and co- 
workers (1939) that herpes virus could be 
routinely isolated from the mouths of in- 
fants suffering from a common form of 
stomatitis, and by Burnet and Williams 
(1939) that such infants also developed 
neutralizing antibodies during convales- 
cence from the stomatitis. In other words, 
the first contact of certain persons with 
herpes virus results in a typical infectious 
disease ; from this, it is clear that the virus 
behaves essentially like other infectious 
agents. 


CLINICAL PICTURE 

Before considering the individual clinical 
entities that are attributable to herpes 
virus, it is important to emphasize one 
basic principle common to all of them. 
There are two types of clinical herpetic 
disease regardless of site infected, which 
must be clearly differentiated: (1) primary 
infections with the virus, occurring in per- 
sons without neutralizing antibodies in their 
blood stream; (2) recurrent attacks, oc- 
curring in persons with such neutralizing 
antibodies. In a primary attack, the local 
lesion is usually accompanied by a systemic 
illness that is often severe and sometimes 
fatal; whereas the patient with a recurrent 
attack, however severe the local lesion may 
be, is as a rule singularly free from sys- 
temic symptoms. Although clinical mani- 
festations of primary infection are usually 
severe when they occur, the comparative 
infrequency of such illnesses cannot ac- 
count for the 70 to 90 per cent of adults 
who demonstrate that they have had a 
previous infection by the presence of circu- 
lating antibodies against the virus. There 
must, therefore, be numerous subclinical in- 
fections. Recovered individuals, whether 
from a manifest or subclinical infection, 
become carriers of the virus and are apt, 
following nonspecific stimuli, such as fever, 
menstruation, or e1aotional upsets, to have 
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recurrent manifestations of herpetic infec- 
tion, 


Herpes SIMPLEX 


[SyNonyMs: Herpes labialis, facialis, 
febrilis (Becker and  Obermayer, 
1947) | 


This is so universally recognized and 
described as to merit but brief description 
here. The lesions are heralded by a sub- 
jective feeling of irritation or burning pain 
in the area of skin involved. Reddish 
papules then appear which quickly vesicu- 
late and become grouped, thin-walled 
vesicles on an erythematous base. These 
rupture, become scabbed, and eventually 
heal, usually without leaving a scar. They 
tend to recur in the same area. Although 
they may occur anywhere on the skin, there 
is a predilection for mucocutaneous junc- 
tions. Herpes progenitalis of the male is 
usually manifested by a recurrent cluster of 
small erosions (eroded vesicles) on the glans 
penis or corona, sometimes associated with 
a group of typical herpetic vesicles on the 
shaft. It seems probable that a primary 
infection of the penis may occur, but the 
clinical picture has not yet been clearly 
defined. Herpetic infection of the genitalia 
of females may be primary or recurrent. 
The primary disease is manifested by the 
appearance of superficial erosions on the 
labia majora, minora and lower vaginal 
mucous membrane. The ulcers are tender 
and covered by a grayish-yellow membrane. 
Patients suffer discomfort for a week or 
longer. The recurrent disease may show 
similar erosions or clustered vesicles (Slavin 
and Gavette, 1946). 


Eczema Herpeticum (Lynch 1945) 

(Synonyms: Kaposi’s varicelliform erup- 

tion, Juliusberg’s pustulosis vaccini- 
formis acuta) 

In 1887, Kaposi described a varicelliform 
eruption complicating infantile eczema of 
which he did not know the cause; he sug- 
gested the descriptive name “eczema her- 
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petiforme.” His clinical description (Ka- 
posi, 1895) remains good today: 


A very alarming complication of eczema 
infantum... is an acute outbreak of numerous 
vesicles, partly scattered and partly arranged 
in groups. The vesicles are as large as a lentil, 
filled with clear serum, and the majority are 
umbilicated. They look like varicella vesicles 
but undoubtedly do not belong in this class. .. . 
The patients have high fever,—40° C. or 
more—and are very restless. The vesicles de- 
velop very acutely (sometimes overnight), in 
large numbers and often continue to appear in 
successive crops, for three or four days, or 
even a week. Those which appear first undergo 
desiccation, rupture and expose the corium or 
they become encrusted and fall off. The 
largest number of the varicella-like vesicles 
are found upon the already eczematous skin 
but smaller groups appear on the previously 
intact skin of the neighborhood. . .. The out- 
come of the peculiar affection is in the major- 
ity of cases favorable. 





Seidenberg (1941) first isolated herpes 
simplex virus from the skin lesions of two 
such patients. Several American workers 
substantiated these findings and demon- 
strated that in the majority of patients the 
skin disease is a primary herpetic infec- 
tion accompanied by a severe systemic 
illness which is sometimes fatal. The pa- 
tients, on recovery, develop neutralizing 
antibodies. Occasionally, the clinical picture 
occurs in patients with circulating anti- 
bodies as a manifestation of recurrent 
herpes, in which case the systemic manifes- 
tations are much less severe (Ruchman, 
Welsh and Dodd, 1947). In primary infec- 
tions, there is a frequent history of contact 
with a manifest case of herpes simplex. The 
pathogenesis of this disease is a matter of 
speculation. The close association with 
atopic eczema may implicate the virus- 
potentiating activity of histamine (Good 
and Campbell, 1945) or the wide expanse 
of denuded skin so common in these pa- 
tients may merely provide a good nidus for 
exogenous infection with the virus. The 


disease (Fig. 35) must be differentiated 
Irom eczema vaccinatum. 


AcutTE HERPETIC GINGIVOSTOMATITIS 


(Synonyms: ‘Acute infectious gingivo- 
stomatitis, aphthous stomatitis, catar- 
rhal stomatitis, ulcerative stomatitis, 
Vincent’s stomatitis) 

This is a common disease of young chil- 
dren, chiefly between the ages of 6 months 
and six years; it may occur in adults. Until 
Dodd, Buddingh and Johnston (1939) iso- 
lated the virus of herpes simplex from the 
saliva of almost 100 per cent of patients 
with the malady and Burnet and Williams 
(1939) demonstrated the rise of antibodies 
against herpes virus in such patients fol- 
lowing recovery, its etiology was unknown. 
This is probably the most common clinical 
picture caused by a primary infection with 
herpes virus. The chief clinical character- 
istics (Scott, Steigman and Convey, 1941) 
are as follows. 

There are fever, irritability, red swollen 
gums, a vesicular eruption on the mucous 
membranes of the mouth, oral fetor, and 
local lymphadenopathy. In about a third 
of the cases, the onset is insidious, the child 
being ill for two to three days before a sore 
mouth develops; in the remainder, there 
is early refusal to eat or actual complaint 
of sore mouth. A constitutional reaction is 
always present but varies in severity; a 
high fever, from 104 to 105° F., is not un- 
common. Lesions in the mouth, when seen 
very early, consist of a few to many small 
vesicles, which soon rupture leaving greyish 
lesions of varying size, single or confluent 
that may become ulcers. No portion of the 
oral lining is immune, although the tongue 
and cheeks are most commonly involved 
(Plate 3, top). In some patients the ton- 
sillar region is affected early and the dis- 
ease in such persons is often misdiagnosed 
aS acute tonsillitis of bacterial origin. 
Failure of response to sulfonamides and 
penicillin, and Subsequent development of 
typical oral lesions, should lead to the cor- 
rect diagnosis. Vincent’s angina of the ton- 
sil, which is not an herpetic infection, can 
easily be distinguished from the above 
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(Steigman and Scott, 1947). One of the 
most common findings is a characteristic 


involvement of the gums, which varies 
from a thin red line along the dental 


margin to extreme redness and swelling of 


= 


the gums (Plate 3, bottom). In the rare 
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RECURRENT STOMATITIS 
Occasionally, herpetic stomatitis recurs. 
The local lesions are similar to those de- 
scribed above, but there is a virtual absence 
of systemic reaction in patients so affected. 
Virus can be isolated from the lesions, and 





a 


rouped umbilicated vesicles. (Ruchman, 


I., Welsh, A. L., and Dodd, k., 1947, Kaposi’s varicelliform eruption : isolation of 


virus of herpes simplex from cutaneous 
of Dermatology and Syphilology, 56, 848.) 


infant, infected before the eruption of 
teeth, the gums escape involvement. Sub- 
maxillary lymphadenopathy of varying de- 
gree is extremely common. The disease lasts 
from 10 to 16 days regardless of therapy. 
Pain tends to disappear within about one 
week from onset, or about three or four 
days before the lesions heal. Scarring is 
absent or very slight. Swelling of the gums 
and lymphadenopathy, among the first 
signs to appear, usually persist for many 
days after the ulcers heal. 


lesions of 3 adults and 1 infant. Archives 


circulating antibodies are present at the 
onset of symptoms. The distinction of such 
lesions from different but 
clinically similar types of recurrent stoma- 
titis depends on isolation of the virus and/or 
results of biopsy. 


etiologically 


CoNJUNCTIVITIS AND KERATO- 
CONJUNCTIVITIS 
The eye is one of the common sites of 
herpetic infection. Keratoconjunctivitis is 
more common than conjunctivitis, but the 
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latter may occur (Granstrém, 1937) and 
give rise to the following pictures. 

The palpebral conjunctiva is intensely 
congested and swollen with little, if any, 
purulent discharge; the preauricular node 
may or may not be palpable and tender. 
The palpebral conjunctiva at times is cov- 
ered with a thin, grayish, tough, easily 
detachable membrane; associated with this 
type of lesion, there may be no preauricular- 
node enlargement, or a fully developed 
Parinaud’s syndrome (unilateral conjunc- 
tivitis, usually membranous; swollen, pain- 
ful preauricular node; fever) may be 
present. One of the characteristics of a 
keratoconjunctivitis is the protean nature 
of the corneal lesion. It may take the form 
of superficial punctate keratitis, marginal 
keratitis, multiple corneal erosions, den- 
dritic ulcer, or disciform keratitis. For a 
clinical description of these states, refer- 
ence should be made to standard oph- 
thalmic textbooks (Duke-Elder, 1938). The 
clinical characteristics which should arouse 
suspicion of an herpetic etiology in any 
inflammatory condition of the eye are as 
follows: (1) the frequency with which it 
follows pyrexia; (2) relapses or recur- 
rences; (3) slight, if any, purulent dis- 
charge; (4) herpetic vesicles on the lids ; 
(5) bacteriologic Sterility of the conjunc- 
tiva; (6) rapid and complete healing as a 
rule (Hamilton, 1943); (7) hypesthesia of 
the eye; (8) a visible and slightly tender 
preauricular node (Thygeson, 1947), Many 
of these clinical manifestations can be 
caused by the virus of epidemic keratocon- 
junctivitis (Maumenee, Hayes and Hart- 
man, 1945), 


HERPETIC MENINGOENCEPHALITIS 

The clinical picture varies but in general 
takes the following pattern. 

The onset is sudden with fever and some- 
tumes chills. Signs of increased intracranial 
pressure develop early. There is evidence 
of meningeal irritation and patients are 
irrational or stuporous to a varying degree. 
Chere are transient pupillary changes, al- 


terations in reflexes, paralysis and paresis 
of muscle groups, and abnormalities of sen- 
sation including taste and smell. Convul- 
sions may occur. In fatal cases, death has 
occurred between the eighth and twelfth 
day after onset. Temperature in one pa- 
tient, who recovered, returned to normal 
level by lysis during the first five days of 
illness (Armstrong, 1943). The spinal fluid 
shows a mononuclear pleocytosis up to 1,000 
cells per c.mm., an elevated protein, and a 
normal amount of sugar. The white blood 
count shows a leukocytosis with a slight pre- 
ponderance of polymorphonuclear cells 
(Whitman, Wall and Warren, 1946). 

Herpetic meningoencephalitis cannot 
definitely be distinguished clinically from 
meningoencephalitis caused by other  vi- 
ruses, and a correct diagnosis depends on 
the establishment of at least two of the 
following four criteria: (1) the isolation 
from the brain, spinal cord or cerebrospinal 
fluid of herpes simplex virus; (2) the fail- 
ure to find any other infectious agent; (3) 
the presence of typical intranuclear inclu- 
sion bodies in histologic sections of the 
central nervous system; (4) the develop- 
ment, during convalescence, of an increased 
titer of circulating antibodies against herpes 
simplex virus. 


PATHOLOGIC PICTURE 


Details of the pathologic picture vary 
with the type of infected tissue. In general, 
a specific lesion is characterized by the 
presence of type A intranuclear inclusion 
bodies (Cowdry, 1934). These are some- 
times known as Lipschiitz bodies. An in- 
clusion body, when fully formed, is an 
irregularly oval-shaped, homogeneous mass, 
usually eosinophilic in character, lying in 
the center of a severely disorganized nu- 
cleus; the basophilic nuclear chromatin 
has collected at the nuclear membrane, 
against which the nucleolus is sometimes 
pressed. In histologic Section, the margina- 
tion of chromatin may appear to leave a 
clear halo about the inclusion body. In 
earlier stages before the nucleus has_be- 





(Top)  Herpetic  gingivostomatitis, 
showing sublingual ulcers and _ herpes 
labialis. 


(Bottom) Herpetic gingivostomatitis, 
showing characteristic red gums, buccal 
ulcer and white furred tongue. (Photo- 
graphs by Dr. Harvey Blank ) 


PLATE 4 





(Top) Cutaneous lesion from eczema herpeticum, 


showing deep epidermal vesicle bordered with ballooning 
cells. H and E. x75. 


(Bottom) Cells from border of herpetic vesicle, showing 
ballooning degeneration and one intranuclear inclusion 
body. H and E. x1500, (Photographs by Dr. R. M. Allen) 


EXPERIMENTAL INFECTION; HOST RANGE 


come so disorganized, the bodies may ap- 
pear as small, round, granular or amorphous 
eosinophilic masses, lying among the nu- 
clear basichromatin which shows early evi- 
dence of condensation. In the neighborhood 
of a specific lesion, there is an acute in- 
flammatory reaction. 

In addition to the general characteristics 
just discussed, there are certain features 
associated with the epithelial involvement 
of skin and mucous membrane which must 
be emphasized. In both structures, the typi- 
cal lesion is a vesicle; the only difference 
between them being that in the skin a 
vesicle remains tense and fluid-filled for 
several days (Plate 4, top) while in a 
mucous membrane it ruptures early and is, 
therefore, seen as a collapsed vesicle. In 
the early stages, there is a proliferation of 
the epidermal cells, some of which contain 
inclusion bodies. A vesicle then forms deep 
in the epidermis, the roof of it being com- 
posed of degenerated prickle cells and im- 
perfectly keratinized horn cells, while the 
floor is formed by the lower layers of the 
epidermis or, in some cases, by the denuded 
papillae of the corium. Failure to involve 
the corium itself explains why herpetic 
lesions do not usually leave a scar. A vesicle 
in the skin contains coagulated fluid and 
fibrin fibres, in the meshes of which are 
many leukocytes and exfoliated epithelial 
cells some of which are multinucleated 
giant cells. In lesions of the mucous mem- 
brane, there is little fluid, the spaces being 
filled with the type of cellular debris seen 
in a skin vesicle. In both cases the edges of 
the vesicles show epidermal cells with 
“ballooning degeneration”; in the nuclei of 
the swollen cells inclusion bodies are often 
seen (Plate 4, bottom). The corium of both 
skin and mucous membrane shows pro- 
nounced capillary dilatation and infiltra- 
tion of inflammatory cells. 

The nervous system, because of its spe- 
cialized character, presents a different 
pathologic picture. Grossly, the meninges 
are congested and there is some flattening 
of the convolutions with petechial hemor- 
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rhages in the brain substance. There are 
also localized or widespread areas of soften- 
ing. Microscopically, there is a mononuclear 
infiltration of the leptomeninges which 
tends to be localized near softened areas of 
necrotic cortex. considerable 
loss of ganglion cells, which are replaced by 
large collections of fat-containing cells and 
a few leukocytes. In the neighborhood of 
the necrotic areas there is an increase in 
glial cells, many of which, as well as some 
neurons, contain intranuclear inclusions. 
There is engorgement of vessels and _peri- 
vascular collections of lymphocytes. The 
chief sites of these changes are the cortex 
and subcortical white matter (Zarafonetis, 
et al., 1944). 


There is 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


The natural host of the virus is man; 
it can be transmitted, however, to the fol- 
lowing experimental hosts: rabbit, guinea 
pig, mouse, hamster, rat, cotton rat, and 
the chorio-allantoic membrane of the em- 
bryonated egg. The agent can be introduced 
into experimental hosts by the corneal, the 
intracerebral, or the intradermal route. 

Under anesthesia, the cornea of the rab- 
bit is scarified in such a way that the lines 
of injury lie at right angles to each other 
and penetrate the epithelial layer. The in- 
fected material is rubbed over the scarified 
area. Depending on the virulence of the 
strain of virus used, a keratoconjunctivitis 
develops between 12 hours and seven days 
after inoculation. The conjunctiva becomes 
injected and the cornea cloudy through the 
development of small vesicles along the 
scratch marks. A conjunctival exudate ap- 
pears, at first watery and then, within 24 
hours, purulent. However, such an exudate 
is bacteriologically sterile and on smear 
contains a large number of mononuclear 
cells although polymorphonuclear cells usu- 
ally predominate. The nictitating membrane 
becomes red and swollen. Gradually, over 
the course of a week or more, the acute 
reaction clears up leaving a varying degree 
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of residual corneal opacity. If the cornea 
is examined histologically within 24 hours 
of the onset of signs, the characteristic pic- 
ture of proliferated epithelial cells, which 
later slough, on each side of the scratch 
marks can be seen. It is in these cells that 
inclusion bodies should be looked for. The 
substantia propria shows marked inflam- 
matory changes. Early exudate or portions 
of the nictitating membranes can be used 
for passage. 

A small portion of infected fluid or tissue 
emulsion, 0.03 to 0.25 cc., depending on the 
size of the animal, is inoculated into the 
brain. Reactions differ somewhat with vari- 
ous hosts but, in general, an encephalitis 
results after a varying incubation period. 
This may manifest itself by fever, tremors, 
lethargy, weakness or paralysis of muscle 
groups, convulsions, and death. Any one 
of these symptoms may be predominant, 
and recovery may take place. It should be 
pointed out that an entirely comparable 
encephalitis may occur in rabbits after 
corneal inoculation with certain neuro- 
tropic strains of the herpes virus. The 
pathologic picture of brains in experimental 
encephalitis reveals type A inclusion bodies 
as in the human brains just described. 

The intradermal route is not satisfactory 
except for dermotropic strains. From 0.05 
to 0.1 cc. of virus emulsion is injected into 
the plucked skin of the flank of a rabbit 
or guinea pig. About two days after the 
injection, red papular lesions develop which 
may vesiculate and then subside after two 
or three days. The virus may be inoculated 
into the foot pads of guinea pigs, which 
become inflamed and swollen on the second 
day ; the reaction gradually subsides within 
a few days. 

In the embryonated egg the chorio- 
allantoic membrane is used for inoculation, 
After 48 to 72 hours’ incubation at 96° F. 
the virus is harvested by removing the in- 
fected membrane. This is then examined 
under a good light in a Petri dish, the bot- 
tom of which is painted with black enamel 
on the outside. Characteristic findings de- 


pend on the amount of virus present and 
its state of “egg adaptation.” At a suitable 
dilution of virus the membrane shows a 
number of small, raised, white plaques. 
These tend to have an oval or even a tailed 
form and appear very superficial. Central 
necrosis and a mesodermal “halo” of ac- 
cumulated inflammatory cells occur in old 
lesions, but these are not conspicuous. This 
is in contrast to the marked necrosis and 
“halo” occurring on the larger, round, 
deeper, plaques of vaccinia. Specific lesions 
must be distinguished from those caused by 
nonspecific irritation among which are areas 
of thickening and irregular opacities along 
the blood vessels. In the first eggs used for 
primary isolation the plaques may be diffi- 
cult to distinguish, and, in some cases, the 
membranes may be thickened and edema- 
tous. At least two passages may be needed 
before characteristic lesions are seen. His- 
tologic examination within 24 hours of infec- 
tion reveals only plaques of proliferated 
epithelial cells, many of which contain 
intranuclear inclusion bodies. These vary 
somewhat from those seen in the rabbit’s 
cornea (Beveridge and Burnet, 1946) but 
are easily recognizable. Examination of 
older lesions shows a small accumulation of 
cells in the mesoderm and, occasionally, 
some entodermal thickening. 


ETIOLOGY 


The diameter of the virus determined by 
filtration through gradocol membranes is 
100 to 150 millimicra (Elford, Perdrau and 
Smith, 1933). When suspended in broth it 
passes through a Berkefeld V filter but 
not through N and W candles. Centrifuga- 
tion at 15,000 r.p.m. for one hour at 4° C 
in an angle high-speed centrifuge (Sorvall) 
sediments about 98 per cent of allantoic 
fluid virus. Preservation of virus in animal 
tissue for a year or more is relatively easy, 
either in 50 per cent neutral glycerol at 
8" C.-or frozen at. =—70° © Egg virus ap- 
pears harder to keep, very little surviving 
for 6 months even in a dry-ice cabinet. 
Nutrient broth or buffered physiologic sa- 


TREATMENT 


line solution containing 10 per cent inacti- 
vated rabbit serum or 0.5 per cent gelatin 
should be used for making virus-tissue emul- 
sions, as the virus deteriorates rapidly in 
physiologic saline solution alone. 

Following primary infection patients de- 
velop neutralizing antibodies, often to their 
final titer before the fourteenth day. In 
most patients, this titer is apparently main- 
tained for life. 


DIAGNOSIS 


Diagnosis of infection with herpes sim- 
plex virus can be made by recognition of 
the different disease entities produced by 
the virus, grouped vesicles and recurrences 
being especially characteristic; demonstra- 
tion of the virus in lesions; demonstration, 
in a primary infection, of an increase dur- 
ing convalescence in the amount of specific 
antibody; and demonstration of a typical 
histologic picture. 

Infection with herpes simplex virus must 
be distinguished from that caused by four 
other viruses. Eczema vaccinatum is clini- 
cally indistinguishable from eczema_her- 
peticum. However, the causative viruses 
can be distinguished immunologically and 
serologically; also histologically since vac- 
cine virus produces cytoplasmic inclusion 
bodies. Epidemic keratoconjunctivitis is 
clinically indistinguishable from an infec- 
tion of the eye due to herpes virus. How- 
ever, its causative virus, with a diameter 
of from 25 to 50 millimicra, is much smaller 
than herpes virus. Nevertheless, Maumenee 
et al. (1945) claim that there is an immuno- 
logic relationship between the two agents. 
“B virus,” which is immunologically related 
to herpes virus, produces an ascending mye- 
litis, usually following a monkey bite, un- 
like the meningoencephalitis produced by 
herpes virus. Stomatitis, with or without 
diarrhea of the newborn (Buddingh and 
Dodd, 1944), occurs in infants so young 
that they are almost never susceptible ,to 
herpetic infection. Also, although its virus 
produces a keratoconjunctivitis in rabbits, 
the picture is different from that produced 
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by herpes virus, and no inclusion bodies 
have been observed. 


TREATMENT 


Clinical manifestations of herpes virus 
infections are usually self-limited: there is 
no good evidence of effective specific 
therapy. Symptomatic treatment, however, 
is of great importance in the successful 
management of patients suffering from 
them. Adequate measures must be taken to 
combat dehydration induced by high fever 
(eczema herpeticum) or inability to drink 
(herpetic stomatitis). Measures to prevent 
secondary bacterial infections, especially 
with Vincent’s organisms in the oral lesions, 
by the use of suitable antibiotics or chemo- 
therapy should be undertaken early in the 
disease. Blood or plasma transfusions may 
be indicated as supportive measures. For 
ordinary skin vesicles, Zephiran chloride 
1:1000 (alkyl dimethylammonium chlor- 
ide), or any other antiseptic drying agent 
may be used. In widespread lesions, such 
as eczema herpeticum, saline soaks may be 
necessary to remove and prevent scabs. For 
mucous membrane lesions, Zephiran 1 :1000 
is probably the most useful application, 
since in this concentration it is harmless 
to tissues and is both bactericidal and 
virucidal, The use of ice-cold fluids or semi- 
solids, and applications of a local anes- 
thetic, such as Butyn 2 per cent, to oral 
lesions may help in maintaining adequate 
food and fluid intake. Roentgenotherapy 
has been widely employed for palliation of 
superficial lesions, although the results are 
often disappointing. When the cornea is 
ulcerated, every effort should be made to 
prevent secondary bacterial infection, since 
permanent scarring may result from a com- 
bined infection, while it is rare in herpetic 
infection alone. Ophthalmologists advocate 
skillful cauterization of an ulcer with 
strong iodine or curettage to get rid of in- 
fected cells. The use of smallpox vaccina- 
tion for the treatment of recurrent herpes 
has been widely used in this country during 
the last 10 years. Reports of its efficacy are 
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conflicting; some patients apparently ob- 
tain relief, while others relapse during a 
course of vaccination. If tried, vaccination 
should be performed every 1 or 2 weeks, 
depending on the type of take, for 8 to 10 
inoculations. Vaccination with inactivated 
herpes virus has been tried, but found in- 


effective in the treatment of recurrent 
lesions. 
EPIDEMIOLOGY 


Until the formulation of the present con- 
cept of herpetic infections, it was difficult 
to understand why herpes labialis usually 
did not appear to spread to contacts and 
yet was so widespread. It is now possible 
to explain some of the discrepancies. 

Recent studies have demonstrated the 
following points of epidemiologic impor- 
tance: (1) there are two groups in the 
population, one with circulating anti- 
herpetic antibodies, and one without; (2) 
the proportion of the former (immune) 
group varies with the socioeconomic level, 
being high (up to 93 per cent) in the lower 
income brackets, and much lower (37 per 
cent) in the high income brackets; (3) the 
proportion of the susceptible group is high 
in childhood, after the age of six months, 
and decreases with age regardless of in- 
come; (4) a newborn infant of an immune 
mother has circulating antibodies which 
probably account for the almost complete 
absence of herpetic infection under six 
months of age; (5) the spread of herpes 
among contacts of a patient with an attack 
of manifest herpes, e.g., herpes labialis, 
varies with the susceptibility of the con- 
tacts. Herpes spreads with ease as a primary 
infection among a susceptible group, either 
subclinically or with clinical manifesta- 
tions, while no spread occurs in immune 
contacts. A skin test, in which inactivated, 
herpes-infected amniotic fluid is used (Na- 
gler, 1946), may eventually provide a con- 
venient method of detecting Susceptibles. 

It is not known exactly how this ubiqui- 


tous infection is disseminated among the 
population. If spread by air-borne-droplet 
infection, it is hard to understand how 
any adult, regardless of socioeconomic 
level, could escape. If, however, the disease 
is spread by contact, the increased crowd- 
ing and decreased hygiene found among the 
lower income groups would tend to make 
passage of the virus from person to person 
easier in this segment of the population. 
It is thought that the more sensitive 
mucous membranes of the infant and child 
may be a factor in the increased incidence 
of stomatitis in this age group. However, 
an alternative explanation may be that, in 
ordinary families, the young and suscepti- 
ble child has closer physical contact with 
other members of the household (especially 
the adults who may be carriers), than at 
any period of life until the time of marital 
cohabitation. It is perfectly possible for a 
susceptible adult to contract a primary 
gingivostomatitis from intimate exposure 
to the disease in the family (Scott, Steig- 
man and Convey, 1941). Genital herpes 
can also be contracted by a susceptible 
adult from an infected partner. 

Whatever the method of spread, it is a 
very successful one, from the point of view 
of the parasite. While some of its hosts 
have clinical symptoms, in many the only 
evidence of infection is the presence of 
circulating antibodies. Once individuals 
have recovered from a primary infection, 
whether clinical or subclinical, they carry 
the virus in a latent state. Such people pro- 
vide the reservoir from which the virus 
spreads to new susceptibles. Since the virus 
has been demonstrated in the saliva of ap- 
parently healthy people, a manifest lesion 
is not essential as a source of infection. 

The incubation period is uncertain but 


in some cases it appears to be as short as 
two or three days. 


CONTROL MEASURES 


There are no specific control measures 
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apart from generally accepted standards of 
hygiene. Susceptible persons should avoid 
contact with clinical manifestations of her- 
petic infection. It is particularly important 
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for persons suffering from atopic eczema to 
avoid exposure, For the susceptible adult, 
sexual contact in some form probably pro- 
vides the greatest risk of infection. 
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Epidemic Keratoconjunctivitis 


(SYNONYMS: Shipyard conjunctivitis, epidemic infectious conjunctivitis, 
superficial punctate keratitis, keratitis maculosa, keratitis nummularis ) 


INTRODUCTION 


Epidemic keratoconjunctivitis is char- 
acterized by nonpurulent inflammation of 
the conjunctivae, preauricular lymphade- 
nitis and superficial punctate corneal opaci- 
ties, and is caused by a virus similar to that 
producing herpes simplex. 


HISTORY 


The disease was first noted by Fuchs 
(1889), and during the past 45 years epi- 
demics have occurred in India, the Far 
East, Central Europe, and the United 
States. In the latter country, the first epi- 
demics were noted on the Pacific coast 
(Hobson, 1938) and in Hawaii (Holmes, 
1941). Wright (1930) reported the trans- 
mission of the disease to 5 of 13 volunteers 
by means of conjunctival scrapings filtered 
through a Kitasato candle, an unglazed 
porcelain filter used in working with small 
quantities of material. The results of this 
work, as well as those of other experiments 
which pointed to a viral causation of the 
malady, were inconclusive, Sanders (1942) 
and Sanders and Alexander (1943) con- 
ducted systematic investigations of the 
etiology of the disease and isolated a virus 
from conjunctival scrapings obtained from 
two patients. At first the virus was propa- 
gated in tissue cultures and later in mice 
by means of intracerebral inoculations. 


CLINICAL PICTURE 


The natural incubation period is un- 
known. The onset is sudden, with redness 
and chemosis of the conjunctiva and edema 
of the periorbital tissues. There is generally 
only a thin serous or seromucoid exudate 
or none at all. In addition, there may be 
headache, malaise and low fever. At the 
onset the disease is ordinarily unilateral, 
but from three to seven days later, in about 
half of the patients, the other eye becomes 
involved. Within two or four days after 
onset the homolateral preauricular lymph 
node usually enlarges and becomes tender. 
Small, round, superficial opacities of the 
cornea are noted within 4 to 14 days after 
onset of the disease, and in severe cases 
they may coalesce. The disease endures for 
two to four weeks, and complete recovery 
takes place in most individuals; in 1 to 10 
per cent of the patients, depending on the 
epidemic, keratitis with impairment of 
vision may persist. In view of the fact that 
neutralizing antibody has been found in 
persons who offer no history of an attack 
of the malady, it would appear that clini- 
cally inapparent infection with the virus 
can occur, 


PATHOLOGIC PICTURE 


An examination by means of a slit-lamp 
of a fully developed ocular reaction reveals 
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TREATMENT 


states varying from slight injection of the 
conjunctiva to marked chemosis and small 
hemorrhages of the conjunctiva and corneal 
opacities which are either in) Bowman's 
membrane or in the superficial part of the 
cornea. The opacities may coalesce but 
usually do not stain with fluorescin (Mau- 
menee, Hayes and Hartman, 1945). A 
transient iritis occasionally occurs. ‘The 
conjunctival secretion contains no micro- 
organisms as a rule during the first week ; 
but after this time secondary invaders may 
be found. Mononuclear cells predominate 
in smears prepared from conjunctival 
scrapings collected before the onset of sec- 
ondary infection. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 

Adult mice given the virus by the intra- 
cerebral or intranasal route develop, after 
two to seven days lethargy, tonic and clonic 
convulsions, and spastic paralysis; death 
ensues within 24 hours after onset of illness. 
Unweaned Swiss mice can be infected by 
the intraperitoneal route. Virus in a dilu- 
tion of 10-° or 10“ produces disease after 
intracerebral injection. The lesions induced 
are limited to the CNS and are those of a 
nonpurulent meningoencephalitis. Rabbits 
show irregularly a keratitis after inocula- 
tion of the virus on the cornea, and in the 
corneal epithelium can be found intra- 
nuclear inclusion bodies (Maumenee et al., 
1945). Intracerebral inoculation of the 
virus into rabbits produces an encephalitis 
within eight days; this rapidly terminates 
in death. Guinea pigs and albino rats are 
wholly resistant. A human being volun- 
tarily receiving virus in the conjunctival 
sac developed a mild but characteristic at- 
tack of keratoconjunctivitis; this patient 
had for the first time neutralizing antibody 
in his serum one month after onset of the 
experimentally induced disease. 


ETIOLOGY 


The diameter of the virus determined by 
filtration through gradocol membranes is 
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from 25 to SO millimicrons, It passes 
through Berkefeld V, N and W candles, 
and Seitz filters. It can be preserved in 50 
per cent glycerol and by being kept frozen 
at —-70° C. It is inactivated by methylene 
blue in the presence of light. The virus can 
be propagated in minced chick-embryo 
tissue cultures and in the developing chick 
embryo. Neutralizing antibody against the 
virus has been detected in serum obtained 
from patients four to ten weeks after the 
onset of the disease (Korns et al., 1944). 
It is of importance to note that the virus 
of keratoconjunctivitis is immunologically 
related to the agent causing herpes simplex. 
Furthermore, it would appear that herpes 
simplex virus can induce a keratoconjunc- 
tivitis in human beings which is almost 
identical with that brought about by the 
active agent of epidemic keratoconjuncti- 
vitis (Maumenee et al., 1945). “In spite 
of the similarity in the clinical picture and 
the cross immunologic reactions of the two 
viruses, they are thought to be separate 
entities but are probably of the same genus” 
(Maumenee et al., 1945). 


DIAGNOSIS 

Diagnosis of the disease as it occurs in 
epidemics is not difficult, but as a sporadic 
disease its recognition is not easy. It must 
be differentiated from herpetic keratocon- 
junctivitis, If possible, the virus should be 
isolated and identified. The distinct features 
of the malady are (1) presence of homo- 
lateral enlarged preauricular gland; (2) 
nonpurulent conjunctival secretions free 
from ordinary bacteria; (3) corneal opaci- 
ties: and (4) presence of specific neutraliz- 
ing antibody in serum obtained during con- 
valescence when it was absent in serum 
collected during the acute or early stages 
of the malady. 


TREATMENT 


Intravenous use and instillation into the 
conjunctival sac of human convalescent 
serum have been suggested as an effective 
treatment (Braley and Sanders, 1943). Effi- 


394 


cacy of this form of therapy has not as yet 
been generally proved (Maumenee et al., 
1945). 

EPIDEMIOLOGY 


The disease was first thought to be more 
prevalent among workers in shipyards, but 
soon it was found to occur in many kinds 
of industrial plants. Since most cases arise 
in workers in such plants, males are more 
often attacked than females. Sanders et al. 
(1943) have shown that the disease may 


EPIDEMIC KERATOCONJUNCTIVITIS 


be spread in physicians’ offices and in oph- 
thalmic dispensaries where proper aseptic 
technics are not used. 


CONTROL MEASURES 


Rigid asepsis should be used in the medi- 
cal divisions of factories and institutions 
in order to prevent the spread of infection 
by hands and instruments of attendants or 
in drugs used for treatment. Isolation of 
patients with the disease has been advised. 
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Varicella-Herpes Zoster Group 


(SYNONYM FOR VARICELL: 


FOR HERPES’ ZOSTER: 


INTRODUCTION 


Varicella, a mild communicable disease, 
is characterized by fever and an itching, 
vesicular eruption of the skin and mucous 
membranes, individual lesions of which are 
surrounded by erythema. It is caused by a 
virus similar to that which induces herpes 
zoster. 

Herpes zoster, a severely painful and in- 
capacitating infectious disease confined 
chiefly to adults, is characterized by in- 
flammation of dorsal-root ganglia or extra- 
medullary ganglia of cranial nerves accom- 
panied by crops of vesicles, identical with 
those of varicella, in areas supplied by 
affected sensory nerves. It is caused by a 
virus similar to that which induces vari- 
cella. 

These diseases are discussed in the same 
chapter to emphasize their similarities and 
differences. Their greatest similarities lie 
in the nature of their viral agents, their 
vesicular eruptions and intranuclear inclu- 
sion bodies, while their greatest differences 
are found in age incidence, epidemiology, 
clinical picture, and changes in the central 
nervous system. 


HISTORY 


Herpes zoster was described very early 
in medical literature and was known to 


\: Chickenpox. SYNONYMS 


Zona, shingles, zoster) 


the Greeks as zona, Von  Birensprung 
(1862a, b; 1863) first recorded observations 
relating the area of skin involved by erup- 
tion to its corresponding dorsal-root gan- 
glion. In 1884, Landouzy (Levaditi, 1926) 
on clinical grounds, suggested its infectious 
nature. Head and Campbell (1900) fur- 
nished a classical description of the neuro- 
pathology, while Lipschitz (1921) de- 
scribed the histopathologic changes in the 
vesicles. In 1888, von Bokay (1909) sug- 
gested its possible relation to varicella and 
later recorded many cases in point; Kun- 
dratitz (1925) inoculated human subjects 
and apparently obtained some successful 
“takes.” 

Varicella was not described as a clinical 
entity until the era of Sydenham; it was 
confused with variola until the 19th cen- 
tury. Steiner (1875) experimentally demon- 
strated it to be infectious. Paschen (1917) 
described elementary bodies in the vesicular 
fluid and suggested a virus as the etiologic 


agent. 


CLINICAL PICTURE OF HERPES 
ZOSTER 
The incubation period of the disease has 
been difficult to establish, but is placed 
at from 7 to 14 days, which is somewhat 
shorter than that of varicella. 
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It may be secondary to an insult to a sus- 
ceptible dorsal nerve root, such as that 
caused by arsenic, tuberculosis, tumor, leu- 
kemia, or it may appear without apparent 
cause. For primary and secondary zoster, 
the local vesicular lesions are identical, but 
a somewhat more severe general reaction 
and higher fever usually occur in the for- 
mer. Both, at onset, exhibit fever, malaise, 
considerable pain, and often exquisite ten- 
derness along the involved dorsal roots and 
their corresponding skin areas, It is rarely 
bilateral. A crop of papules, rapidly be- 
coming vesicles, appears within 3 or 4 days 
after onset over the skin supplied by af- 
fected nerves; occasionally, there are aber- 
rant vesicles. Vesicles may become pustular 
if secondarily infected with bacteria. As 
crusts form, pain and tenderness usually 
disappear. Extensive involvement of a gan- 
glion may affect motor roots, resulting in 
temporary or permanent paralysis. While 
dorsal roots of the trunk are most fre- 
quently involved, ganglia supplying other 
areas, such as the head or the genito-urinary 
tract, may be infected at times, resulting 
in clinical pictures characteristic for the 
areas. Zoster ophthalmicus and involvement 
of the Gasserian ganglion may be_par- 
ticularly serious with resulting scleritis, 
keratitis and iridocyclitis, Vesicles on the 
pharynx, tongue, uvula, and larynx may be 
extremely painful, while laryngeal and facial 
paralysis are not infrequent. In approxi- 
mately 50 per cent of cephalic cases of 
zoster, paralysis occurs. There is usually 
a mild lymphocytosis in the spinal fluid, 
unless the number of cells is markedly in- 
creased by meningoencephalitis which is an 
occasional complication. Persistent neural- 
gia following convalescence in older sub- 
jects is common. 


CLINICAL PICTURE OF VARICELLA 


The incubation period is usually from 14 
to 16 days; occasionally, it may be as long 
as 21 days. Approximately 24 hours after 
the onset of fever, crops of papules, fol- 
lowed or accompanied by vesicles with sur- 
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rounding erythema, appear on the face and 
trunk, spreading in some cases to the mouth 
and pharynx and extremities. In chicken- 
pox, the lesions are usually most abundant 
over the trunk, while the face and extremi- 
ties suffer the most damage from smallpox. 
The eruption occurs simultaneously with 
the fever, and its duration is proportional 
to the height and persistence of the latter. 
Successive crops of lesions appear, furnish- 
ing all the characteristic stages of papules, 
vesicles and crusts at the same time over 
the affected areas. The vesicles, which are 
indistinguishable from those of zoster, fre- 
quently become pustular and the crusts are 
often removed by scratching because of 
itching. Impetigo, furuncles, septicemia and 
glomerulonephritis may complicate the pic- 
ture. Vesicles on the laryngeal mucosa, 
about the eyes and genitalia and in the hair 
present difficult problems. The encephalitis, 
which occasionally complicates varicella, is 
symptomatically similar to that accompany- 
ing herpes zoster and measles, from which 
most patients recover. Small, depressed, 
white scars may result from severe varicella 
or a secondary infection of vesicles with 
pathogenic bacteria. No significant changes 
occur in the number and character of the 
blood cells. 


PATHOLOGIC PICTURE 


In contrast to the vesicle of variola which 
exhibits a reticular degeneration of the 
prickle-cells, the vesicles of varicella and 
herpes zoster are obviously the result of a 
ballooning of the cells with very little re- 
ticulation. In the early stages, nuclei of in- 
fected cells contain the spheroidal and 
eosinophilic inclusion bodies described by 
Lipchitz in zoster and by Tyzzer (1906) 
in varicella, In the process of nuclear de- 
generation, these bodies apparently enter 
the cytoplasm so that they may seen simul- 
taneously in nuclei and cytoplasm, While in 
early stages of the development of lesions. 
some proliferation of the epidermis occurs, 
the corium remains practically unaltered, 
Later, amitoses of the prickle-cells with for- 


PLATE 5 





Photograph of cellular changes in human 
epidermis induced by the virus of varicella. 
Note several amitotic giant cells and nu- 
merous acidophilic intranuclear inclusions. 
Eosin-methylene blue. x900, (Dr. H. N. 
Johnson, Laboratories of the International 
Health Division of The Rockefeller Foun- 
dation; photograph by R. F. Carter) 
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mation of sickle-shaped, multinuclear cells, 
the ballooning of cells with their subsequent 
disintegration, and the entrance of tissue 
fluids result in the typical vesicle. In some 
large vesicles, the corium may form the base, 
and in such cases all layers of the skin may 
be involved and scarring may result. See 
Plate 5 for cellular changes induced by virus 
of varicella. 

There are several reports (Johnson, 
1940) of young infants having died of vari- 
cella, A complete postmortem examination 
was made on one by Johnson (1940) who 
found characteristic lesions in the esopha- 
gus, pancreas, liver, renal pelvis, ureters, 
bladder and adrenal glands. Cellular 
changes, including intranuclear inclusions, 
in the visceral lesions were similar to those 
seen in the skin. 

Zoster virus, in addition to skin lesions, 
produces a characteristic inflammatory re- 
action in the posterior nerve roots and gan- 
glia. Rarely, the inflammation spreads to 
the anterior horns, resulting in temporary 
or permanent paralysis. In the posterior 
root, there is infiltration of small round cells 
and red blood cells, necrosis of nerve cells 
and fibers, and an inflammatory reaction of 
the ganglion sheath. The corresponding fi- 
bers of the spinal cord undergo degenera- 
tion. In severe cases, scarring is found in 
the involved ganglionic area, with loss 
of cells and nerve fibers and thickening of 
the ganglion sheath, while in milder cases 
little or no permanent damage occurs. The 
dor.al ganglia more often involved, as 
shown by Head and Campbell (1900), are 
those that receive fibers from the viscera 
through the white ramus of the sympathetic 
branches. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


Despite experiments by Eckstein (1933), 
the results of which indicate that monkeys 
may be infected by the viruses of zoster 
and varicella, there is no conclusive evi- 
dence that any host other than man is sus- 
ceptible to either of the active agents. Intra- 
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nuclear inclusion bodies were found in the 
tubular cells of monkey testes by Rivers 
(1926) five or six days after intratesticular 
injection of varicella virus in young vervets 
and green monkeys. Typical varicella le- 
sions in the skin were not produced. Steiner 
(1875) produced varicella in children by 
inoculating them experimentally with fluid 
from varicella vesicles. This work has been 
fully confirmed by others. Zoster vesicular 
fluid apparently also has induced varicella 
in experimental human subjects as well as 
local vesicles more characteristic of zoster. 
According to Taniguchi et al. (1932; 1935), 
chick-embryo-tissue cultures, egg mem- 
branes, and the lungs and testes of rabbits 
may be infected by varicella virus; further- 
more, it was stated that membrane-passage 
virus was inoculated into susceptible chil- 
dren with the production of typical vari- 
cella. These experiments require confirma- 
tion because of the strong possibility that 
vaccinia rather than varicella virus was the 
active agent used. Suggestive evidence of 
propagation of zoster virus in human skin 
grafted on the chorio-allantois of chick em- 
bryos was obtained by Goodpasture and 
Anderson (1944), although the chick-em- 
bryo tissues themselves appeared to be non- 
susceptible. The lesions obtained resembled 
those of the natural disease with intra- 
nuclear inclusions in affected epithelial cells. 
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Both viruses are apparently of similar 
size, having diameters variously estimated 
at from 145 to 250 millimicra. They are 
found in the vesicular fluids in largest 
amounts from 24 to 48 hours after appear- 
ance of the lesions. Convalescent sera col- 
lected from patients with varicella have 
been recorded as effectively agglutinating 
the virus of herpes zoster and vice versa. 

The accumulation of data on the similari- 
ties of the two diseases since von Bokay’s 
original observations has indicated the fol- 
lowing problems in their antigenic relation. 

Varicella in children more often induces 
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zoster in exposed adults than it does in ex- 
posed children. 

Zoster, whether in children or adults, 
rather frequently has been observed as the 
apparent source of varicella in children 
(almost never in adults), initiating at times 
large epidemics of this disease. The number 
of such recorded incidents is too great to be 
explained satisfactorily on the basis of 
chance alone. Inconclusive evidence has 
been published (The School Epidemics 
Committee, 1938) that epidemics of vari- 
cella initiated by a case of zoster have had 
a lower incidence of infection than those 
initiated by a case of varicella. 

Varicella and zoster not infrequently oc- 
cur at the same time in the same child. Ob- 
viously, such an occurrence may be an 
unusual manifestation of varicella virus. 

Certain careful studies, such as those 
made by The School Epidemics Committee 
(1938) of Great Britain in a large number 
of boarding schools, have shown that vari- 
cella and zoster occur during the same terms 
more frequently than is likely to be due to 
chance, and apparently are not seasonal. 

Despite certain contradictory evidence, 
zoster apparently occurs frequently in chil- 
dren and adults who previously have had 
varicella, thus indicating a lack of complete 
resistance to the zoster virus as a result of 
previous experience with the virus of vari- 
cella. 

Zoster and varicella usually produce last- 
ing immunity to their own viruses. 

Zoster vesicular fluid has been used ex- 
perimentally to inoculate children intrader- 
mally with some success in the production 
of varicella (Kundratitz, 1925). 

In at least two isolated island communi- 
ties, zoster has been observed, whereas no 
cases of varicella have ever been recorded. 

Laboratory studies (Rivers, 1927: Rivers 
and Eldridge, 1929a, b:; Amies, 1934), for 
example, neutralization and agglutination 
tests, have not established conclusively the 
antigenic relation of the viruses. 

A working hypothesis for the student to 
relate the above apparently contradictory 
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observations may be useful, if only to pro- 
voke thought or alternative hypotheses. 
Such an hypothesis could consider the vari- 
cella virus as infecting the general popula- 
tion almost universally at an early age. A 
generalized infection with the virus with a 
relatively long incubation period may per- 
mit the development of permanent resist- 
ance, However, in certain cases, the vari- 
cella virus may have neurotropic properties, 
as indicated by the simultaneous develop- 
ment at times of zoster and varicella, and it 
may remain within the nerve cells of a few 
individuals in a manner similar to the sym- 
biosis exhibited by herpes simplex virus 
and ectodermal cells. In adult life, exposure 
to cold, pressure on a nerve, or a fresh mas- 
sive dose of varicella virus (in epidemic 
parotitis, heavy exposure of a resistant in- 
dividual may at times disturb the parotid 
without generalized symptoms) may cause 
a localized virus activity along posterior 
root fibres with subsequent development of 
zoster vesicles. For some unknown reason, 
zoster virus produces varicella with greater 
difficulty and less frequency than does vari- 
cella virus. The absence of varicella and the 
presence oi zoster in isolated communities 
may possibly represent the activity of an 
endemic neurotropic varicella virus (zoster 
virus) with which the population has been 
universally infected, but which becomes ap- 
parent in relatively few. 

There are other ways of explaining this 
antigenic puzzle. Obviously, one of these is 
to consider the viruses of zoster and vari- 
cella as distinct entities, possessing certain 
antigenic constituents in common. 


DIAGNOSIS 


The lesions of herpes simplex may at 
times be confined to a nerve distribution in 
the skin, in which case inoculation of vesic- 
ular fluid on the scarified cornea of a rabbit 
appears to be the only sound method of 
differentiation, inasmuch as herpes simplex 
virus will infect the rabbit, whereas zoster 
virus will not. Otherwise, little difficulty 
should be experienced in differentiating zos- 
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ter from herpes simplex. Varicella and her- 
pes zoster are frequently indistinguishable. 
The severe constitutional reaction caused 
by variola, together with uniformity of de- 
velopment of the eruption in all areas of 
the skin at the same time and the somewhat 
larger number of vesicles on the extremi- 
ties, as compared to the trunk, serve to dis- 
tinguish this disease from varicella. 


TREATMENT 


The vesicles of herpes zoster and varicella 
require similar care to prevent secondary 
infection, and similar treatment of secon- 
dary infections when they occur, Oral or 
parenteral administration of sulfonamides 
or penicillin, and the local application of 
tyrothricin are useful when the invading 
bacteria are sensitive to these therapeutic 
agents. Cleanliness of the skin, care of the 
hands, cutting and cleaning finger nails, 
and local treatment for relief of irritation 
and itching and for the prevention of sec- 
ondary bacterial infections, are important 
measures. In addition, herpes zoster lesions 
may require sedative ointments, such as 1 
per cent cocaine in lanolin. Deep X-ray 
therapy may also prove effective when used 
early in the disease. For late neuralgia, 
section of sensory roots may be necessary. 


EPIDEMIOLOGY 


While varicella usually occurs in epi- 
demics, zoster is usually a sporadic disease. 
The two diseases differ widely in age inci- 
dence; varicella occurs infrequently after 
20 years, while zoster is rarely seen before 
20 years. Varicella attacks the sexes equally, 
while zoster has a slightly higher incidence 
in males, which may be accounted for by 
the more frequent exposure of older males 
to severe climatic conditions. Contact in- 
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fections occur rarely in zoster, while vari- 
cella spreads more readily than most infec- 
tious diseases, perhaps more readily than 
measles. Much of the dissemination of vari- 
cella is through the air, It may result from 
the inhalation of small amounts of air by 
a susceptible person in any enclosed space 
containing an infectious individual. Accu- 
rate data are not available on the length of 
time during which the lesions of zoster and 
varicella remain infectious. Both diseases 
occur more frequently in the winter and 
spring. Frequency of the recurrence of 
varicella epidemics depends upon the den- 
sity of susceptibles; the recurrence rate is 
lower in rural than in urban populations, 
acting in this respect in a manner similar 
to that of measles. 


CONTROL MEASURES 


No control measures are available for 
herpes zoster as it occurs in sporadic form. 
Convalescent serum is apparently of little, 
if any, value for protection against vari- 
cella, and of no value in its treatment. 
Transplacental immunity apparently is not 
present in the newborn. There is avail- 
able no method of active immunization. 
Under school or institutional conditions, 
partial disinfection of the air by means of 
ultraviolet light has limited the epidemic 
spread of varicella. Glycol vapors for such 
purposes have not been sufficiently devel- 
oped for general use, As a rule, isolation 
and quarantine are useless, inasmuch as 
the spread of varicella apparently occurs 
most readily before the disease is clinically 
manifest. The crusts appear to be infectious 
while still moist, but dry crusts apparently 
have lost their infectivity. Thus, if isolation 
is warranted, seven days should be suffi- 
cient. 


REFERENCES 


Amies, C. R., 1933, Elementary bodies of varicella and 
their agglutination in pure suspension by serum of 
chicken-pox patients. Lancet, 1, 1015-1017. 

von Birensprung, F. G. F., 1862a, Fernere Beitrage 
zur Kenntniss des Zoster. Ann. Charité-Kranken- 
hauses, 10, 1 Hft., 37-54. 


von Birensprung, F. G. F., 1862b, Neue Beobach- 
tungen iiber Herpes. Ann, Charité-Krankenhauses, 
10, 1 Hft., 123-143. 

von Biarensprung, F. G. F., 1863, Beitrage zur Kennt- 
niss des Zoster. Dritte Folge. Ann. Charite-Kran- 
kenhauses, 11, 2. Hft., 96-116. 


400 


von Bokay, J., 1909, Ueber den Atiologischen Zusa- 
menenhang der Varizellen mit gewissen Fallen von 
Herpes zoster. Wien. klin. Wechnschr., 22, 1323- 
1326, 

Eckstein, A., 1933, Klinische und experimentelle Un- 
tersuchungen zur Frage der Varicellenencephalitis. 
Ztschr. f. d. ges. Neurol. u. Psychiat., 149, 176-190. 

Goodpasture, E. W., and Anderson, K., 1944, In- 
fection of human skin, grafted on the chorioallantois 
of chick embryo, with the virus of herpes zoster. 
Am. J. Path., 20, 447-455. 

Head, H., and Campbell, A. W., 1900, The pathology 
of herpes zoster and its bearing on sensory localiza- 
tion. Brain, 23, 353-523. 

Johnson, H. N., 1940, Visceral lesions associated with 
varicella. Arch. Path., 30, 292-307. 

Kundratitz, K., 1925, Experimentelle Ubertragungen 
von Herpes zoster auf Menschen und die Bezie- 
hungen von Herpes zoster zu Varicellen. Ztschr. f. 
Kinderheilk, 39, 379-387. 

Levaditi, C., 1926, L’Herpés et le zona. Paris, Masson. 

Lipschiitz, B., 1921, Untersuchungen iiber die Atio- 
logie der Krankheiten der Herpesgruppe (Herpes 
zoster, Herpes genitalis, Herpes febrilis). Arch. 
Dermatol. u. Syph., Orig., 136, 428-482. 

Paschen, E., 1917, Vergleichende Untersuchungen von 
Varizellen, Variola, Scharlach, Masern und RoOteln. 
Deutch. med. Wehnschr., 43, 746-747. 

Rivers, T. M., 1926, Nuclear inclusions in testicles of 


VARICELLA-HERPES ZOSTER GROUP 


monkeys injected with tissue of human varicella 
lesions. J. Exp. Med., 43, 275-287. 

Rivers, T. M., 1927, Varicella in monkeys. Nuclear 
inclusions produced by varicella virus in testicles 
of monkeys. J. Exp. Med., 45, 961-968. 

Rivers, T. M., and Eldridge, L. A., Jr., 1929a, Rela- 
tion of varicella to herpes zoster. I. Statistical ob- 
servations. J. Exp. Med., 49, 899-906. 

Rivers, T. M., and Eldridge, L. A., Jr., 1929b, Rela- 
tion of varicella to herpes zoster. II. Clinical and 
experimental observations. J. Exp. Med., 49, 907- 
917. 

Steiner, 1875, Zur Inokulation der Varicellen. Wien. 
med. Wchnschr., 25, 306-307. 

Taniguchi, T., Hosokawa, M., Kuga, S., Nakamura, 
F., and Matsumoto, S., 1932, On the virus of 
chickenpox. Japanese J. Exp. Med., 10, 599-605. 

Taniguchi, T., Kogita, Y., Hosokawa, M., and Kuga, 
S., 1935, A cultivation of the vaccinia and varicella 
viruses in the chorio-allantoic membrane of the 
chick embryo; with special references to the prepa- 
ration of the bacteria-free vaccine and prophylactic 
inoculation against varicella. Japanese J. Exp. Med., 
13, 19-30: 

The School Epidemics Committee, 1938, Epidemics 
in schools. Medical Research Council Special Report 
Series no. 227, 181-184. 

Tyzzer, E. E,, 1906, The histology of the skin lesions 
in varicella. Philippine J. Sci., 1, 349-372. 


SOO) DD () RD () ED () (> ee |) cee |) eee |) eee | 


SS) | () |) | | ee () a |) ae 


JOHN F. ENDERS, pu., 


Children’s Hospital, Boston 





2A 
Mumps 


(SYNONYM: Epidemic parotitis ) 


INTRODUCTION 


Mumps is an acute, self-limiting con- 
tagious disease with a high morbidity and 
a very low mortality. The most constant 
feature is an enlargement of the parotid 
gland, but involvement of other organs is 
not uncommon. 


HISTORY 


Mumps is one of the first diseases which 
were recognized as clinical entities. In the 
fifth century B.C. (Adams, 1891), its most 
common manifestations were clearly re- 
corded by Hippocrates who described it as 
a mild epidemic sickness characterized by 
nonsuppurative swellings near the ears and 
occasionally accompanied by painful en- 
largement of the testes. In modern times, 
Hamilton (1790) was among the first to 
stress orchitis as a frequent manifestation 
of the infection. He also noted certain pa- 
tients suffering from parotitis who showed 
symptoms referable to the central nervous 
system. It was not until the beginning of 
the twentieth century, however, that clini- 
cally apparent and inapparent meningo- 
encephalitis were generally recognized as 
complications. Thereafter it also became evi- 
dent that other organs, e.g., the ovary and 
the pancreas, might be injured by the in- 
fectious agent (Wesselhoeft, 1941). During 
the first decades of the present century con- 


siderable effort was expended in attempts 
to determine the etiologic agent. Various re- 
ports appeared incriminating a variety of 
bacteria as well as a spirochete, but it was 
not until 1934 that the causative agent was 
definitely proved to be a filterable virus 
(Johnson and Goodpasture, 1934). 
CLINICAL PICTURE 

Eighteen to 21 days usually elapse be- 
tween exposure and the development of 
symptoms; in exceptional cases the period 
of incubation may be 12 days, or less, or 
as long as 35 days. Infection of the salivary 
glands is manifested by a varying degree of 
enlargement. The parotids are those most 
constantly involved. Often, the swelling is 
unilateral; or one gland may become en- 
larged and after from one to five days the 
other may show an increase in size. En- 
largement of the submaxillary and sublin- 
gual glands is not uncommon and is best 
determined by palpation. Edematous infil- 
tration of the tissues surrounding the sali- 
vary glands is a frequent event and in cer- 
tain cases may be very marked. Swelling of 
a gland usually reaches a maximum within 
48 hours and most often persists for seven 
or ten days. Occasionally, some enlarge- 
ment of the structure can be discerned after 
the lapse of several weeks. In the earlier 
stages a restricted area of redness may be 
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observed immediately about the orifices of 
the ducts of Stensen and Wharton. Fever 
of moderate degree may be present 12 to 24 
hours before swelling is observed and usu- 
ally persists from one to three days. In cer- 
tain cases it may be absent. 

The following is a list of most of the other 
organs which have been mentioned in the 
literature as exhibiting signs of involvement : 
testis, epididymis, prostate, ovary, pan- 
creas, spleen, thyroid, kidneys, labyrinth, 
eye, thymus, heart (myocardium), vulvo- 
vaginal glands, mammary glands (male and 
female), and nervous system (as manifested 
by symptoms of encephalitis, encephalo- 
myelitis, neuritis of the facial, trigeminal, 
and optic nerves). In general, it must be 
emphasized that certain of these structures 
may be affected not only before or after 
the parotitis as well as synchronously with 
it, but even when there is no indication of 
inflammation of the salivary glands. Fur- 
thermore, it should be noted that the fre- 
quency with which certain of these organs 
are attacked has varied widely among sev- 
eral groups that have been studied. Most 
commonly the testes or the central nervous 
system is involved. Orchitis occurs on the 
average once in every five cases of parotitis, 
although wide variations from this mean 
may be expected in different outbreaks. In 
spite of this incidence, sterility resulting 
from mumps orchitis is rare. This is due in 
part to the fact that only about one-sixth 
of the cases are bilateral and that atrophy 
of all glandular tissue may not ensue, even 
in the severe cases. An even greater varia- 
tion in the frequency of meningoencepha- 
litis, ranging from 0.5 to 10 per cent of the 
cases of parotitis, has been reported by vari- 
ous observers. Epididymitis, prostatitis, 
ovaritis, and pancreatitis of marked inten- 
sity are more rarely noted. On the basis of 
recent studies on changes in the blood dias- 
tase and amylase, however, it is possible 
that some degree of pancreatic involvement 
may be common (Zelman, 1944: Apple- 
baum, 1944). 

The total white blood cell count is vari- 
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able in different patients, at times being 
either moderately elevated or depressed and 
at others within normal limits. The differen- 
tial count often shows an absolute or rela- 
tive increase in lymphocytes from the first 
to the fourteenth day of the illness, but this 
phenomenon is by no means _ invariable. 
Obviously, blood leukocyte counts are of 
little aid in diagnosis. In contrast to the 
blood, the white cell count of the spinal 
fluid is of great significance in the diagnosis 
of the general syndrome of aseptic lympho- 
cytic meningoencephalitis, of which mumps 
virus is one of the known etiologic agents. 
In mumps encephalitis the number of white 
cells of the fluid is increased. The total 
count may range from 8 to 10 cells (nor- 
mal) to more than 2,000 per cc. In a series 
of 11 cases recently studied, the mean count 
was 434 (Kane and Enders, 1945). In a 
majority of cases, the proportion of lympho- 
cytes is from 90 to 100 per cent. When in- 
terpreting the significance of an increased 
white count in the spinal fluid, it should be 
borne in mind that in a variable number of 
cases of simple parotitis presenting no signs 
of involvement of the nervous system, a 
moderate or marked increase in lympho- 
cytes may occur. This indication of a latent 
encephalitis has been construed by certain 
internists as evidence for regarding mumps 
as a primary invasion of the central nerv- 
ous system; this point of view is debatable. 

Although long suspected on the basis of 
epidemiologic data, it is only recently that 
serologic evidence has been obtained which 
indicates that infection with the virus of 
mumps may be so innocuous that symp- 
toms do not occur or at least are so mild 
as to escape observation (Maris, Enders, 
Stokes and Kane, 1946), Thus, specific com- 
plement-fixing antibody has been found in 
the blood of approximately one-half of 
the tested adults who denied having had 
mumps. Even in groups of children which 
have been studied, the number of inappar- 
ent infections based on this criterion is con- 
siderable, at times approaching that of the 
adults. The available experimental observa- 


ETIOLOGY 


tions indicate that this antibody arises only 
in response to an infection with the virus 
or after its inoculation in an inactive state. 


PATHOLOGIC PICTURE 


From the diagnostic point of view, patho- 
logic changes induced by the virus are not 
usually of assistance. In general, the injury 
is not extensive, with the exception of that 
occurring in the testis in severe orchitis. 
The limited observations on material from 
infected parotid glands indicate that the 
reaction consists of a serofibrinous exudate 
with leukocytes in the connective tissue, 
The cells of the ducts show evidence of 
degeneration, and necrotic debris and poly- 
morphonuclear cells are found in their 
lumina (Dopter and Repaci, 1909), Char- 
acteristic inclusion bodies have not been de- 
scribed. In the testis, there are considerable 
destruction of the epithelium of the semin- 
iferous tubules, marked congestion, and 
punctate hemorrhages. Edema and serofi- 
brinous exudation are present in the inter- 
stitial tissues (Smith, 1912; Manca, 1932). 
In the pancreas, evidence of congestion, in- 
terstitial edema, slight degeneration of the 
islets, and fat necrosis have been observed. 
The changes induced by the virus in the 
central nervous system are uncertain, since 
in the few cases which have terminated 
fatally the evidence for the mumps virus as 
the cause of death is not conclusive. 


EXPERIMENTAL INFECTION; HOST 
RANGE 


In addition to man, the only other ani- 
mals known to be susceptible at the present 
time are the chick embryo (Habel, 1945; 
Levens and Enders, 1945) and certain spe- 
cies of monkeys; the latter include the 
rhesus (Macaca mulatta), the cynomol- 
gus (Macaca irus), the pig-tailed (Macaca 
nemestrinus), and the moor (Macaca mau- 
rus) (Swan and Mawson, 1943). The virus 
has been isolated by inoculating the amni- 
otic cavity or the yolk sac of the chick em- 
bryo; sulfadiazine and penicillin were used 
to eliminate bacterial contaminants in the 
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saliva (Beveridge, Lind and Anderson, 
1946). After several passages the virus be- 
comes well adapted to this host, and can be 
recovered from most of its tissues and fluids 
after an incubation period of three or four 
days or longer. Tests for the presence of 
virus may be made by employing either 
the hemagglutination reaction, chicken or 
human erythrocytes being used, or the com- 
plement-fixation reaction. Typical parotitis 
characterized by parotid enlargement, facial 
edema, and pathologic changes closely re- 
sembling those found in the affected parotid 
of man can be produced in monkeys only 
by inoculating the material containing the 
virus via Stensen’s duct directly into the 
gland. When this procedure is followed, the 
virus may be demonstrated in saliva ob- 
tained from patients within 48 hours after 
the appearance of the swelling. Serial pas- 
sages in monkeys can be effected by injec- 
tion of a suspension of the parotid gland 
removed 4 to 7 days following inoculation 


of the virus. 


ETIOLOGY 
Johnson and Goodpasture (1934) showed 
that the etiologic agent passes readily 


through Berkefeld V and N filters. More 
recently, preliminary observations (Enders 
et al., unpublished results), in which graded 
collodion membranes were employed as fil- 
ters, indicate that the diameter of the infec- 
tive particle in allantoic fluid of the chick 
embryo is probably in the range of 90 to 
135 mu. If these measurements are substan- 
tiated by additional data, it would appear 
that the virus of mumps possesses a size 
similar to that of influenza virus. The in- 
fectivity of the virus for the chick embryo 
is destroyed by heating for 20 minutes at 
temperatures between 55° and 60°C. Under 
these conditions, the hemagglutinin is also 
inactivated. In contrast, the complement- 
fixing antigen is relatively thermostable, 
withstanding a temperature of 80°C. for 
20 minutes. The substance giving allergic 
skin tests in hypersensitive individuals can 
be heated at 65°C. for 20 minutes without 
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loss of activity. The conditions for its inac- 
tivation have not yet been determined. In- 
fectivity is well retained on storage at low 
temperatures. The virus has been found to 
be active after at least 10 months at a tem- 
perature of approximately —70°C. At ap- 
proximately 4°C., infectivity persists for at 
least two months. The other activities of 
the virus mentioned above likewise have 
been found to be stable under these con- 
ditions. At room temperature infectivity is 
lost within 4 days, but the other properties 
are retained for a longer period. Small 
amounts of formalin or short exposure to 
ultraviolet light brings about loss of infec- 
tivity. Thus, this property is lost within 12 
hours after the addition of 0.1 per cent for- 
malin and after 0.28 second of intense ultra- 
violet radiation. The hemagglutinative and 
complement-fixing properties as well as the 
allergic factor of the virus are much more 
resistant to treatment with low concentra- 
tions of formalin. 

The virus of mumps has the property of 
causing agglutination of red cells of certain 
species (Levens and Enders, 1945), bring- 
ing about fixation of complement in the 
presence of specific antibody (Enders and 
Cohen, 1942), and eliciting a delayed aller- 
gic reaction in the skin of human beings 
who have been previously infected (Enders, 
1943). The infective and hemagglutinative 
properties are closely associated. There ap- 
pear to be two components capable of fixing 
complement, which may be separated either 
by adsorption on red cells (Enders, unpub- 
lished data) or by differential centrifuga- 
tion (Henle, Henle and Harris, 1947). Anti- 
bodies which neutralize infectivity, inhibit 
hemagglutination, and fix complement ap- 
pear in the blood serum after infection with 
the virus. The relationship of the allergenic 
factor to the other antigenic properties has 
not been determined, but like the immedi- 
ate reaction to vaccinia virus, a positive 
reaction to it has been shown to be corre- 
lated in most instances with an immune 
State (Enders and co-workers, 1946a), 

Mumps, in nearly all instances, confers 
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a durable immunity, as is indicated by the 
low rate of second attacks. This rate is 
usually cited as about 4 per cent, but it is 
likely that the figure is too high, since it 
is probable that erroneous diagnoses either 
of the first or of the second illness have 
often been recorded. Contrary to common 
belief, when a single parotid is attacked the 
immunity which ensues would appear on the 
basis of the available experimental data to 
be as solid and persistent as when both 
glands are involved. Infection of any organ, 
even in the absence of parotitis, probably 
induces the same high order of resistance. 
Finally, as already noted, there is evidence, 
lately made available, which shows that 
clinically inapparent infections, as revealed 
by the complement-fixation test (Maris and 
co-workers, 1946) and the skin test for 
hypersensitivity (Enders and co-workers, 
1946a), confer immunity as effectively as 
does an overt attack. That the active im- 
munity induced by infection can be pas- 
sively transferred from mother to offspring 
via the placenta is strongly suggested by 
the fact that mumps in children under six 
or even nine months of age is very rare. 
Furthermore, recent experiments have 
shown that the complement-fixing antibody 
when present in the mother is also demon- 
strable in the cord blood. For a review of 
immunity of mumps see the paper of En- 
ders (1946). 


DIAGNOSIS 


Mumps parotitis can usually be diag- 
nosed with fair accuracy, particularly under 
epidemic conditions, on the basis of clinical 
criteria alone. The diagnosis of sporadic 
cases is at times difficult, since a variety of 
other agents may produce an enlargement 
of the parotid. Thus, it is sometimes neces- 
sary to differentiate mumps from suppura- 
tive parotitis, enlargements due to foreign 
bodies in the salivary ducts, neoplasms, 
Mikulicz’s disease, uveoparotid fever, and 
other rare conditions, In cases where sali- 
vary gland involvement is minimal or ab- 
sent and in which the virus has attacked 
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other organs, it is frequently impossible to 
make a conclusive diagnosis on the basis 
of clinical findings alone. This is especially 
true in aseptic lymphocytic meningoen- 
cephalitis—a syndrome caused by several 
viruses and other agents as yet unknown. 
Lately, however, it has become possible to 
obtain serologic evidence of any type of 
infection caused by mumps virus. This can 
be accomplished (1) by demonstrating the 
appearance of or increase in antibody capa- 
ble of fixing complement in the presence 
of mumps antigen (Enders and co-workers, 
1945), and (2) by the demonstration of the 
appearance or increase of a specific factor, 
antihemagglutinin (Levens and Enders, 
1945), in the blood serum which inhibits 
the agglutination of chicken or human 
erythrocytes by mumps antigen. The first 
procedure has been fairly extensively stud- 
ied as a diagnostic tool and of the two 
technics is the one at present to be recom- 
mended. Antigens for the complement-fixa- 
tion test may be obtained in the form of a 
suspension of tissue from an infected paro- 
tid gland (monkey) or the infected al- 
lantoic fluid of the embryonated egg. Only 
materials from infected eggs are satisfac- 
tory as antigens in inhibition tests. 

As with most serologic tests, a definite 
diagnosis can be made only when a signifi- 
cant rise in antibody titer is demonstrated 
by examining two specimens of serum 
taken at appropriate intervals following the 
onset of the disease. Complement-fixing an- 
tibody against mumps virus develops rap- 
idly in most patients so that by one week 
after the first clinical signs this substance 
has emerged in a majority. By the end 
of the third week, in all cases which have 
been studied, antibody has been demon- 
strated. In many persons the antibody 
may persist in the circulating blood for 
years, although in a concentration (1:6 to 
1:192 final dilution of serum) lower than 
that reached during convalescence (greater 
than 1:192 final dilution of serum). In 
cases where the first specimen of serum 
has not been obtained sufficiently early to 
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permit the demonstration of a rise in titer, 
the finding of titers exceeding 1:192 can be 
interpreted as suggestive of a recent infec- 
tion. The antihemagglutinin, as far as the 
limited information now available permits 
one to judge, is apt to appear two or three 
days after the complement-fixing antibody, 
but tends to persist at a higher titer for a 
longer time. It should be noted that the 
skin test is of little or no value in diagnosis, 
since dermal hypersensitivity in most pa- 
tients develops several weeks following the 
onset of mumps. Indeed, it is best not to 
do a skin test for diagnosis, because pro- 
duction of complement-fixing antibody may 
be initiated or stimulated by this procedure 
are not suffering from 


in persons who 


the disease. 
TREATMENT 
The treatment of simple parotitis is 
symptomatic, In severe orchitis, recourse is 
sometimes had to surgical procedures for 
reducing the pressure caused by edema. In 
encephalitis, if the headache is severe, 
lumbar drainage may afford marked relief. 
There are no particular procedures em- 
ployed in the treatment of the other so- 
called complications of mumps (Wessel- 
hoeft, 1941). Specific therapy, consisting of 
the administration of various materials de- 
rived from human blood, has been at- 
tempted in the case of orchitis and menin- 
gitis. Most of the efforts have centered upon 
the prevention and treatment of orchitis; 
the materials have been administered before 
the onset of orchitis but after swelling of 
the parotid had appeared as well as during 
the acute stage of orchitic inflammation. 
They have consisted of whole blood from re- 
cent convalescents, convalescent serum, and 
concentrates of globulin either from pooled 
normal adult plasma or from pooled con- 
valescent sera. Results obtained in a limited 
number of patients in which the treatment 
of established orchitis or meningitis has 
been attempted have been equivocal, and 
indeed it might be anticipated that a pro- 
cedure of this sort would not prove effica- 
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cious once the virus had caused cellular 
injury. On the other hand, there are limited 
data suggesting that concentrated convales- 
cent gamma globulin is of some value in 
preventing the development of orchitis if 
given after the onset of parotitis. Concen- 
trated normal gamma globulin, however, 
has proved to be of no value under 
these circumstances (Gellis and co-workers, 
1945). 


EPIDEMIOLOGY 


Mumps is not confined to any area of 
climate but is world-wide in its distribu- 
tion. In settled populations, it occurs as an 
endemic disease throughout the entire year. 
Periodically, however, an increase in the 
incidence is recorded, usually during the 
winter and early spring months, Although 
there is a seasonal increase at this time, 
which may or may not reach epidemic pro- 
portions, it is especially marked at intervals 
of about seven or eight years when severe 
epidemics may be observed. Both sexes are 
equally susceptible. Although predomi- 
nantly a disease of childhood, adults who 
have escaped infection as children are often 
attacked. ‘Although among the commonest 
of infections, a positive history of mumps 
is obtained less frequently among adults 
than is the case with certain other diseases 
of childhood, such as measles (mumps 
about 60 per cent; measles, about 90 per 
cent). The frequency of inapparent infec- 
tions in mumps and their rarity in measles 
would appear to account largely for the dif- 
ference noted. The only known reservoir 
of infection is man. Transmission of the 
virus apparently takes place through direct 
contact, air-suspended droplets, or fomites 
contaminated with saliva. The period that 
a patient may be able to spread the disease 
has not been exactly determined, but there 
is a certain amount of evidence which indi- 
cates that it probably extends from 24 to 
48 hours before to at least 6 days after 
Salivary gland enlargement is noted. Prac- 
tically nothing is known about the infec- 
tivity of patients in whom involvement of 
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the salivary glands cannot be distinguished, 
although recently some unpublished evi- 
dence has been obtained which indicates 
that infection has been spread from cases of 
meningoencephalitis without parotitis to 
contacts who afterwards developed uncom- 
plicated mumps. For a concise review of the 
epidemiology of mumps see the paper by 
Gordon and Heeren (1940). 


CONTROL MEASURES 


Attempts have been made to prevent the 
development of mumps (1) by passive im- 
munization through the use of certain of 
the products mentioned for specific therapy 
and (2) by active immunization through 
the injection of inactivated or attenuated 
mumps virus. Most observers, who have 
used unconcentrated serum derived from 
those recently convalescent, have believed 
that it is of value as a temporary prophy- 
lactic measure, provided it is administered 
in doses of from 5 to 20 cc. within the first 
few days following exposure. There is gen- 
eral agreement that any passive immunity 
so conferred is of short duration, i.e., proba- 
bly two or three weeks. A critical analysis, 
however, of the available data leaves some 
doubt as to whether the procedure is suffi- 
ciently dependable to be of value. Experi- 
mental studies which have been carried out 
recently would suggest that some of these 
data have been interpreted too optimisti- 
cally, since, as unpublished data of Jane- 
way and Enders show, very large doses of 
convalescent serum (200 cc.) have failed to 
prevent the disease and the concentration 
of virus-neutralizing antibody in convales- 
cent sera appears to be relatively low as 
compared with that found in certain other 
virus diseases. 

During the last few years work has been 
undertaken on the development of a prac- 
ticable method of inducing active immu- 
nity. The immunizing effect in monkeys 
and in human beings of virus, in emulsions 
of infected parotid glands from monkeys, 
inactivated by formalin has been studied. 
Any resistance so induced was challenged 
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by inoculation of virulent virus; the vaccine 
prevented the development of typical in- 
fection in from 50 to 60 per cent of those 
who received it. Although falling short of 
an ideal prophylactic agent, formalinized 
virus has thus been shown capable of pre- 
venting mumps in certain persons under 
very severe conditions of exposure (Stokes 
and co-workers, 1946). Following the devel- 
opment of the technic for cultivating the 
virus in embryonated eggs, a further step 
toward a practicable vaccine was taken, 
since this made available unlimited quan- 
tities of material containing the virus. Egg 
virus inactivated by ether or ultraviolet 
light has been shown capable of protecting 
monkeys against experimental infection 
(Habel, 1946). Experiments on the protec- 
tive effect of such vaccines in man have not 
yet been published. 

In addition to investigations on the use 
of inactivated virus as a vaccine, prelimi- 
nary studies on the effect of administer- 
ing virus attenuated by repeated passage 
through the embryonated egg have been re- 
ported. It has been shown that after such 
treatment the virus loses its ability to pro- 
duce typical parotitis in the monkey and, 
so far as the information available permits 
one to judge, in man also. Such attenuated 
but active material renders the monkey 
solidly immune to reinfection with highly 


virulent virus (Enders and co-workers, 
1946b). In the work just mentioned, the 
attenuated virus was not inoculated paren- 
terally but introduced either via Stensen’s 
duct or sprayed into the oral cavity. On 
the basis of general knowledge of immunity 
in virus diseases, it would be anticipated 
that the resistance established by such at- 
tenuated virus would be more effective and 
more durable than that resulting from vac- 
cination with inactivated material. For de- 
tailed treatment of the various aspects of 
specific prophylaxis, the following refer- 


ences may be consulted: Wesselhoeft 
(1940); Enders (1946); Gellis and co- 
workers (1945); Lyday (1941); Stokes 
and co-workers (1946); Enders and co- 


workers (1946a). 

As already stated, the available data indi- 
cate that a patient may transfer the infec- 
tion to a susceptible person during a period 
which extends approximately from 48 hours 
before to 6 days after onset of symptoms. 
Although some workers may not entirely 
approve of it, the standard method of con- 
trol as now recommended consists in the 
isolation of a patient until all swelling of 
affected glands has subsided. Accumulation 
of more knowledge of the duration of in- 
fectivity, which can now be obtained, may 
lead to a modification of this recommen- 
dation. 
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Infectious Mononucleosis 


(SYNONYMS: Glandular fever, Driisenfieber, monocytic angina, angina with 
lymphatic reaction, acute benign lymphoblastosis, acute mononucleosis ) 


INTRODUCTION 


Infectious mononucleosis usually attacks 
children and young adults and is character- 
ized by fever, angina, enlarged lymph nodes 
and spleen, a pathognomonic blood picture, 
and the presence of a heterophile antibody 
in the serum. The etiology is not definitely 
known, although a virus is suspected. It 
should be distinguished from acute infec- 
tious lymphocytosis of children (Smith, 
1944), the etiology of which is also un- 
known. 


HISTORY 

Pfeiffer (1889) described a disease that 
he called glandular fever. In the United 
States, such a disease was first reported by 
West (1896) in eastern Ohio. Sprunt and 
Evans (1920) used the name _ infectious 
mononucleosis for cases similar to those 
seen by Pfeiffer and regarded the disease 
as infectious. Epidemics or sporadic cases 
of glandular fever, monocytic angina, an- 
gina with lymphatic reaction, or infectious 
mononucleosis have been described as oc- 
curring in many parts of the world. It is 
now believed that all these designations 
refer to the same malady, even though 
different signs or symptoms may dominate 
the clinical picture at various times, Paul 
and Bunnell (1932), by establishing the 


fact that a heterophile antibody is present 
in the serum of patients with the disease, 
have made possible an important diagnostic 
test which has aided considerably in the 
proper classification of various clinical 
types. 


CLINICAL PICTURE 


The incubation period is estimated to be 
from four to ten days. The onset may be 
acute or insidious with loss of appetite, 
constipation, irritability or somnolence, 
and fatigue. Then occur fever, nausea or 
vomiting in younger children, epistaxis, 
headache, chills and sweating. Early the 
lymph nodes, especially the anterocervical 
become enlarged and 
is usually palpable. 


and postcervical, 

tender; the spleen 
Angina, as a rule more pronounced in older 
patients, may occur early and presents a 
picture varying from a mild hyperemia to 
an ulcerating, pseudomembranous, diph- 
therialike inflammation. Certain patients 
exhibit conjunctivitis, cutaneous rash, hepa- 
titis, and rarely nephritis. Scheer (1930) 
reported that clinically inapparent  infec- 
tions may be encountered during an epi- 
demic. The fever and acute symptoms sub- 
side usually within one to three weeks, 
but often enlargement of the lymph nodes 
and spleen and an abnormal blood picture 
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may persist for several months. Relapses 
are common, but complete recovery eventu- 
ally is the rule. 

There is involvement of the CNS of cer- 
tain patients which becomes manifest dur- 
ing the second week of illness as a 
meningitis, encephalitis, neuronitis or men- 
ingoencephalitis. In order of occurrence, the 
signs and symptoms most frequently noted 
are headache, nuchal rigidity, positive 
Kernig, lethargy, muscle twitching, dizzi- 
ness, dysarthria, positive Babinski, facial 
paralysis, nausea and photophobia. The 
cerebrospinal fluid shows a lymphocytic 
pleocytosis with an increased amount of 
protein. Patients having this syndrome usu- 
ally recover completely (Slade, 1946). 

In the active phase of the disease, the 
total white blood cell count may range 
from 10,000 to 80,000. Polymorphonuclear 
leukocytes are reduced sometimes to as few 
as 2,000 per c.mm. Monocytes and large 
lymphocytes are increased in number and 
often are somewhat abnormal in appear- 
ance. It must be remembered that in about 
50 per cent of the cases a leukopenia may 
be observed very early in the course of the 
disease. 


PATHOLOGIC PICTURE 


Excised glands show hyperplasia of the 
lymphatic tissue, and at times there is also 
proliferation of the reticular and endothelial 
cells. Deaths are rare. Allen and Kellner 
(1947) reported the necropsy findings in 
a patient who “died 2 to 4 weeks after the 
acute illness as a result of an accident”: 
they consisted of focal cellular infiltrations 
in the kidneys, liver, lungs, heart, adrenals, 
testes, and brain. Such lesions account for 
the variety of clinical manifestations ob- 
served in patients. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


Experimental infection, except for sug- 
gestive studies in man and monkeys (v, 
infra, Etiology) has not as yet 
achieved. 


been 


INFECTIOUS MONONUCLEOSIS 


ETIOLOGY 


At one time, Listerella monocytogenes 
was believed to have a causal relation to 
infectious mononucleosis, but no definite 
confirmatory evidence has been obtained. 
Van den Berghe and Liessens (1939) in- 
duced a monocytic leukocytosis and _het- 
erophile antibody in a monkey by means 
of intramuscular inoculation of blood from 
a patient with infectious mononucleosis. 
Serum of this animal, filtered through a 
Seitz pad, produced a similar condition in 
another monkey. In later tests, an active 
agent propagated in tissue culture for ten 
generations produced mononuclear leuko- 
cytosis in monkeys. Sohier et al. (1940) 
also induced, by means of blood from a 
patient at the height of the malady, a 
mononuclear cell increase and slight fever 
in a rhesus monkey. However, blood from 
this monkey brought about the presence of 
heterophile antibody in a young adult per- 
son. Wising (1942) reported the induction 
of enlarged lymph glands and a slight 
monocytosis in Macacus and Cercopithecus 
monkeys by means of intracerebral, intra- 
peritoneal or subcutaneous injections of 
emulsified lymph nodes from patients. Five 
successful monkey passages by means of 
excised lymph glands were achieved, and 
the titer of heterophile antibody in the 
serum of the animals rose to 1:128. Wising 
(1942) also transfused five human_ vol- 
unteers with blood from patients acutely 
ill with infectious mononucleosis; only one 
came down with the disease. On the other 
hand, Bang (1943), Julianelle et al. (1944) 
and others failed to transmit the malady 
to man, monkeys and other laboratory ani- 
mals, including embryonated eggs. More- 
over, in this connection it must be kept in 
mind that it is possible to transfer passively 
heterophile antibody when large amounts 
of blood are used as inocula (Bang, 1943). 
A virus may be the cause of the disease, but 


more experimental work is needed to estab- 
lish the fact. 
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DIAGNOSIS 


The diagnosis of infectious mononucleosis 
is made in the presence of fever, generalized 
lymphatic hyperplasia, characteristic blood 
picture, and the presence of a heterophile 
antibody in the serum. The latter is re- 
vealed by an increased titer of agglutinins 
for sheep erythrocytes (Paul and Bunnell, 
1932). This test is positive in from 50 to 
80 per cent of the cases; a negative result 
is, therefore, not always indicative of the 
absence of the malady. The test is per- 
formed with serum inactivated at 56° C. 
for 15 minutes to which is added a 2 per 
cent suspension of washed sheep red blood 
cells in saline solution. The mixture is kept 
in a waterbath at 37° C. for an hour and 
overnight in a refrigerator. A positive re- 
action is one in which serum diluted 1:80 
or more agglutinates sheep red blood cor- 
puscles. It must be remembered that 
normal human serum diluted 1:60 may 
cause agglutination. Moreover, the het- 
erophile antibody in normal human serum 
rises after injection of horse serum. There- 
fore, in order to avoid errors, it is wise 
before testing a serum to absorb conflicting 
substances from it by means of guinea pig 
kidney and with boiled beef red blood 
cells; for it has been shown that the 
heterophile antibody in normal human 
serum is adsorbed completely by guinea 
pig kidney and that the heterophile anti- 
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body produced following the injection of 
horse serum is adsorbed by guinea pig kid- 
ney and by boiled beef red blood cells, 
while the heterophile antibody found in the 
serum of patients with infectious mononu- 
cleosis is absorbed only by boiled beef 
erythrocytes (Stuart et al., 1936; David- 
sohn, 1937). 


TREATMENT 
There is no specific treatment; sulfon- 
amides and penicillin are ineffective, 


EPIDEMIOLOGY 


the fact that infectious 
mononucleosis is frequently a mild disease, 
many cases are probably overlooked. Epi- 
demics occur especially in children between 
the ages of two and ten years; the malady 
is rare in infants under 6 months of age. 
Epidemics often flare up in orphanages, 
schools and colleges, and were observed in 
the United States Army during World War 
II. The disease is said to be contagious, 


In view of 


but transmission through human contact is 
difficult (Lemierre, 1944) and is assumed to 
succeed only when the contact is close 
(Scheer, 1930). It has also been postulated 
that the malady is spread by droplet in- 
fection, through the mucosa of the ali- 
mentary or genital tracts, or through the 
skin (Lemierre, 1944). No control measures 
are known. 
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Pretibial Fever 


(SyNonymM: Fort Bragg fever ) 


INTRODUCTION 
The chief characteristics of pretibial 
fever are erythematous eruption over the 
pretibial regions, palpable spleen, malaise, 
slight transitory leukopenia, and fever. 
There is evidence of a virus etiology, but 
further work is necessary for final proof. 


HISTORY 


Daniels and Grennan (1943) first 
scribed this disease as a Clinical entity on 
the basis of 40 cases among soldiers sta- 
tioned in a particular zone of Fort Bragg, 
North Carolina, during July, August and 
September of 1942. The disease recurred in 
the same zone at Fort Bragg in 1943 and 
1944, and an illness with similar clinical 
manifestations was seen in August, 1940 
in Wrens, Georgia (Bowdoin, 1942). An 
Army commission (Topping, Philip and 
Paul, 1942) was unable to find the etiologic 
agent in a series of animal and human 
transmission studies. During the 1944 out- 
break, a human transmission test with 
serum and whole blood was again negative 
(Sabin, 1944), but Tatlock (1947) re- 
covered a transmissible agent from guinea 
pigs inoculated with the blood of a patient, 
and has adduced evidence that it may be 
the causative agent of the disease. 


de- 


CLINICAL PICTURE 


The natural incubation period has been 
estimated as from 10 to 15 days or longer. 
The onset is usually sudden and is char- 
acterized by frontal headache, postorbital 
pain, backache, malaise, chills or chilliness 
and fever. Mild coryza, and 
cough were seen in 30 per cent of the pa- 
tients on the first and second days of the 
illness but did not persist. The most dis- 
tinctive feature of the illness, an unusual 
eruption, appeared about the fourth day and 
was present in 87 per cent of the patients. 
The lesions were described as raised, eryth- 
ematous blotches of irregular outline, often 
2 to 5cm. in their largest diameter, and were 
in 60 per cent of the cases bilaterally sym- 
metrical and limited to the pretibial areas. 
In an additional 20 per cent, the pretibial 
areas were the primary site of the eruption 
with a few lesions being scattered else- 
where. Finally, in 2 cases the rash was 
diffusely distributed over the entire body 
(Daniels and Grennan, 1943). In most in- 
stances the eruption lasted for only two 
days. A firm spleen was palpable early in 
the disease in 95 per cent of the cases, but 
lymphadenopathy was absent or not re- 
markable. In 38 of the 40 cases the fever, 
described as consistently spiking, lasted 
from four to eight days, and in the remain- 
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ing two it was present for two and three 
days. A relative bradycardia has been 
noted. A drop in the total number of 
leukocytes to a level of 4,000 to 5,000, most 
commonly between the third and fifth days 
of the disease, has been noted, but the 
changes in the differential count, which are 
a feature of both dengue and phlebotomus 
fever, were not found in these cases. Lum- 
bar puncture in three cases with stiffness 
of the neck yielded normal cerebrospinal 
fluid. Convalescence was rapid after defer- 
vescence. 


PATHOLOGIC PICTURE 


No fatalities have occurred, but biopsies 
of the cutaneous lesions from 6 patients, 
showed “diffuse edema and a slight to 
moderate perivascular infiltration with 
small round cells and macrophages” 
(Daniels and Grennan, 1943). 


ETIOLOGY; EXPERIMENTAL 
INFECTION ; HOST RANGE 


Guinea pigs inoculated intraperitoneally 
with blood, freshly drawn from a patient 
five days after onset, developed fever (105°- 
106° F.) after an incubation period of eight 
days (Tatlock, 1947). Successful passage 
was obtained in guinea pigs inoculated in- 
traperitoneally with whole citrated blood 
and a pooled suspension of liver and spleen 
from one of the animals killed on the second 
day of fever. The agent was maintained in 
serial passage by the intraperitoneal injec- 
tion of whole citrated blood or by the 
intracerebral injection of serum taken on 
the first day of fever. The incubation period 
in the passage guinea pigs varied from four 
to eight days and the febrile course from 
two to four days. None of several hundred 
guinea pigs in more than 90 passages ap- 
peared ill or died; convalescent animals 
remained afebrile when they were reinocu- 
lated with the active agent. Rabbits inocu- 
lated intraperitoneally or intracerebrally 
with material infectious for guinea pigs 
exhibited a febrile course. Serial intra- 
cerebral passage was possible in young 
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hamsters; the incubation period was from 
7 to 16 days, and the animals exhibited no 
clinical signs of involvement of the central 
nervous system until a few hours before 
death. No gross or microscopic pathologic 
changes were found. Mice of different ages 
and breeds were resistant to the active 
agent. Eleven-day-old embryonated eggs 
inoculated intravenously with infectious 
serum from guinea pigs died in about seven 
days, and 23 serial passages were carried 
out by the use of 10~? to 10+ dilutions of 
chick-embryo liver. Embryonated eggs sur- 
vived when they received the inoculation 
in the yolk sac or the allantoic sac, or 
on the chorio-allantoic membrane, but the 
yolk sac of intravenously inoculated em- 
bryos contained the active agent and could 
be used for subsequent passage by the 
yolk-sac route. Titrations in hamsters of 
fresh suspensions of infected embryo liver 
or yolk sac usually yielded end points 
of 10+. After 80 serial passages in guinea 
pigs and 23 passages in eggs, the agent was 
inoculated into human volunteers. In the 
first human passage a mild febrile illness, 
without rash or leukopenia and lasting three 
to five days, developed after an incubation 
period of nine days. Three serial passages 
in human beings were obtained by the 
intramuscular injection of 5 cc. of freshly 
defibrinated blood obtained within 24 hours 
after onset of fever. The incubation periods 
varied from 8 to 14 days, the febrile periods 
from 1 to 6 days; a definitely palpable 
spleen was found in 3 of the 14 subjects ; 
and erythematous eruptions varying from 
a few millimeters to a few centimeters in 
diameter, distributed chiefly over the an- 
terior and lateral surfaces of the legs, ap- 
peared only in the third human passage 
(5 of 8 individuals). There were no dis- 
tinctive changes in the leukocytes and 
only three of the 14 patients were noted 
to have a definite leukopenia. The active 
agent was found only in the undiluted 
blood taken 48 hours before to 48 hours 
after the onset of fever in the experi- 
mentally inoculated human subjects. Serum 
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injected intracutaneously produced no skin 
lesions, and even in the fresh state failed 
to produce disease in a dose of 0.4 cc., while 
larger amounts of whole blood representing 
the same specimen did. As much as 5 cc. 
of serum, stored in the frozen state for 12 
days in a box containing solid COs, failed 
to produce disease in two individuals, al- 
though $ cc. of the original, fresh, whole 
blood caused illness in 3 persons. Tests in 
human beings showed that the new agent 
possesses neither a group relationship with 
the known dengue viruses nor any relation- 
ship with at least one of the two available, 
immunologically distinct types of phle- 
botomus fever virus. 

More work is necessary on the filterabil- 
ity of this agent, since in the two tests 
which were carried out with infectious 
guinea pig plasma, the agent failed to pass 
a single Seitz pad but was found in the 
filtrate from a Corning UF fritted glass 
filter which retained Staphylococcus albus. 
The agent in blood is said to become in- 
active on storage at —70° C., while in 20 
per cent suspensions of embryo tissue in 
sterile skimmed milk it remained infective, 
in one instance for as long as 8 months. 
Intraperitoneal neutralization tests in ham- 
sters revealed a protective antibody in 
the serum of two convalescent guinea pigs 
but in only two of five sera obtained from 
patients convalescent from the natural dis- 
ease. The nature of the active agent as well 
as its relationship to pretibial fever must 
await the results of further studies. 


DIAGNOSIS 


Diagnosis can only be suspected on the 
basis of the clinical picture described 
above. In view of Tatlock’s (1947) obser- 


vations, any altempt to recover the in- 
fectious agent should be made by the 
inoculation of fresh, whole blood into young 
guinea pigs, hamsters, and embryonated 
eggs. Neutralization tests in hamsters with 
acute and convalescent sera against Tat- 
lock’s agent are also indicated. 


TREATMENT 
The disease is self-limited and only 


therapy for the relief of symptoms is indi- 
cated. 


EPIDEMIOLOGY 


All the patients came from an area of 
the military reservation which was located 
near a small stream and its tributaries, and 
it is noteworthy that this area comprised 
only one-third of the post (Daniels and 
Grennan, 1943). Although in the possibly 
related Georgia outbreak of 1940 (Bowdoin, 
1942) all the patients were said to have 
gone swimming in Brushy Creek, some 
of the patients at Fort Bragg had not been 
swimming while others swam in several 
different ponds. The outbreaks began late 
in July, but most of the cases occurred late 
in August. No Aedes aegypti mosquitoes 
were present, and during the early part of 
the outbreak very few mosquitoes of other 
species were noted. No sandflies, biting 
midges (Ceratopognidae), or black flies 
(Simuliidae) were found. Bedbugs, stable 
flies (Stomoxys calcitrans), chiggers, ticks 
and horseflies were found, but for various 
reasons were not considered as likely vec- 
tors. If an insect vector of unknown type 
was responsible, it would have had to be 
localized in the area around the stream 
from which all the cases came. 

There are no control measures known. 
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Colorado Tick Fever 


(Synonyms: Mountain fever, tick fever, mountain tick fever 


) 


nonexanthematous tick fever, American mountain fever) 


INTRODUCTION 


Colorado tick fever is a nonexanthema- 
tous disease of man, characterized by a 
short course and intermittent fever, and is 
caused by a tick-borne virus. 


HISTORY 


This disease undoubtedly was mentioned 
over a hundred years ago in medical reports 
of army doctors stationed at the various 
camps and forts in the Rocky Mountain 
region. Toomey (1931) reviewed these 
early reports and proposed the name Amer- 
ican mountain tick fever for the disease. 
However, Becker (1930) was the first to 
report the condition as a separate clinical 
entity, to describe the disease clearly, and 
to suggest the name it now bears, Colorado 
tick fever. Topping, Cullyford and Davis 
(1940), while conducting a clinical and 
epidemiologic study of the disease, were 
unable to establish the causative agent in 
guinea pigs, monkeys, rats, mice, rabbits, 
and chick embryos, but concluded that it 
apparently is associated with the bite of 
the wood tick Dermacentor andersoni, as 
previously postulated by Becker (1930), 
Florio and_ his colleagues (1944) trans- 
mitted the disease serially in man and 
hamsters by parenteral injection of blood 
or serum and showed that the virus passes 
collodion-membrane filters. Koprowski and 


Cox (1946, 1947a, 1947b) adapted the virus 
to the mouse and developing chick embryo 
and prepared an experimental vaccine. 


CLINICAL PICTURE 


The disease has a sharp and clearly de- 
fined onset and it is not unusual for a 
patient to be able to establish the exact 
time of onset. It usually starts with chilly 
sensations and aching of the entire body. 
Headache, deep ocular pain and lumbar 
backache are the prominent symptoms; 
anorexia, nausea, vomiting, photophobia, 
muscle pains, and hyperesthesia of the skin 
may be a part of the syndrome. With the 
Onset of symptoms, the temperature rises 
rapidly and is sustained at from 102° to 
104° F. for about 48 hours. There is a con- 
Current increase in the pulse rate, A period 
of remission then occurs, lasting two or 
three days during which a patient is 
symptom-free except for slight weakness. 
At the end of this period there is usually a 
recrudescence, and the second bout is 
similar to the first but may last a day or 
so longer. In typical cases the white blood 
cell count falls to 2,000 or 3,000 cells per 
cubic millimeter (Florio and Stewart, 
1947), the lowest count usually being found 
during relapse. This is the usual pattern, 
but occasionally single and triple bouts 
have been reported. Following the re- 
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crudescence, patients not infrequently 
complain of great weakness and the con- 
valescent period seems unusually long con- 
sidering the relatively short duration of 
fever. Physical examination reveals only a 
slight injection of the throat and conjunc- 
tivae; complications and deaths have never 
been reported. 


PATHOLOGIC PICTURE 

Nothing is known of the pathologic pic- 
ture in man. In hamsters the only constant 
and significant lesions are found in the 
spleen (Black, Florio and Stewart, 1947). 
Spleens from infected animals when stained 
with hematoxylin and eosin show altera- 
tions in the cellular type and arrangement 
of the follicular lymphoid tissue, with vari- 
ations in the extent, but not in the type, 
of reaction. There is an apparent reduction 
in the number of lymphoid cells in the cen- 
tral portion of the follicle, with the appear- 
ance throughout the follicle of large pale- 
staining mononuclear cells, mingled with 
polymorphonuclear leukocytes and erythro- 
cytes. The periphery of the follicle shows a 
partial or complete disappearance of the 
normally well-defined margin, which is re- 
placed by a ragged border of mononuclear 
cells, with occasional polymorphonuclear 
leukocytes and erythrocytes. With Giemsa 
stain both eosinophilic and basophilic intra- 
cytoplasmic inclusions are seen in the large 
mononuclear cells. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


In the early passages, hamsters inocu- 
lated intraperitoneally with infectious blood 
remained normal in appearance, but start- 
ing with the twelfth passage they began to 
die, and thereafter a mortality rate of from 
25 to 50 per cent was common. Successive 
passage of the virus by parenteral injection 
of blood or serum through a series of six 
human volunteers did not increase or de- 
crease the virulence of the virus for 
hamsters, although the incubation period in 
man was usually three days instead of four 


to six (Florio, Mugrage and Stewart, 1946). 
Dilute brown agouti mice or albino mice 
inoculated intracerebrally with mouse- 
adapted virus first show signs of illness on 
the third or fourth day; they develop 
paralysis of the legs, soon become prostrate 
and die generally on the fifth to seventh 
day. Mice 8 days of age are fully as 
susceptible to intraperitoneal infection as 
28-day-old mice are to infection induced by 
intracerebral inoculation. Resistance to 
virus inoculated intraperitoneally begins to 
be evident in 14-day-old mice. Infectious 
mouse-brain tissue is lethal for mice by 
the intracerebral route in 10°° and 10~% 
dilutions. Following intracerebral inocula- 
tion, mice, cotton rats, hamsters and opos- 
sums have virus in their blood, but sheep 
and rabbits do not; the mice and hamsters 
alone die of viral infection by this route 
(Koprowski and Cox, 1947a). The virus 
may be propagated in chick embryos when 
the yolk-sac method is used. The virus, 
which is found chiefly in the central nerv- 
ous system of the chick embryo, reaches 
its maximum titer in four or five days. CNS 
tissue of chick embryos is lethal for mice 
intracerebral route in 10~*° and 
Chick-embryo-propagated 
mice and 


by the 
10 4 dilutions, 
virus 
hamsters receiving it by the intracerebral 


retains its virulence for 


route. 


ETIOLOGY 

The virus readily passes Berkefeld N 
and W candles and single Seitz EK pads, 
Through the use of graded collodion mem- 
branes, the diameter of the hamster-adapted 
virus was estimated by Florio, Stewart and 
Mugrage (1946) to be 10 mp, while Kop- 
rowski and Cox (1947a) found the diam- 
eter of the mouse-brain-adapted virus to 
be from 35 to 50 mu. The virus is remark- 
ably stable, surviving for at least three 
and one-half years either in the ice com- 
partment of an ordinary refrigerator or in 
a commercial deep-freeze unit. It is also 
readily preserved by freezing and drying. 
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It is inactivated when heated at 60° C. for 
30 minutes. 

By means of cross-immunity tests in hu- 
man volunteers, Florio, Hammon et. al. 
(1946) and Pollard et al. (1946) showed 
that the viruses of dengue and Colorado 
tick fever are not related. Neutralization 
tests carried out in mice (Koprowski and 
Cox, 1946; 1947a), or complement-fixation 
tests (De Boer et al., 1947), indicate that 
the virus of Colorado tick fever is different 
from the viruses of Russian spring-summer 
encephalitis, louping-ill, Venezuelan equine 
encephalitis, western equine encephalitis, 
eastern equine encephalitis, Japanese B en- 
cephalitis, St. Louis encephalitis, lympho- 
cytic choriomeningitis, rabies, yellow fever 
and dengue fever, and also from the 
rickettsiae of murine (endemic) typhus, 
Rocky Mountain spotted fever, and Amer- 
ican Q fever. 

The virus introduced parenterally in 
minimal amounts elicits an immune re- 
sponse in mice which withstand subsequent 
intracerebral challenge with massive doses 
of mouse-brain virus (Koprowski and Cox 
1947b). 

There are no reports of persons having 
the disease a second time. Florio and his 
colleagues (1944) inoculated three human 
volunteers with a different strain of Col- 
orado tick fever virus 9 to 12 months after 
the original experimental infection. They 
did not develop the disease, thus indicating 
that the disease confers immunity. In addi- 
tion, several volunteers who had lived in 
endemic areas for many years were found 
to be resistant to experimental infection. 


DIAGNOSIS 


History of exposure to ticks, the saddle- 
back temperature curve, the symptoma- 
tology and leukopenia suggest a diagnosis 
of Colorado tick fever. Neither acute phase 
nor convalescent sera show any significant 
Weil-Felix reaction in the presence of 
Proteus OX-19, OX-2, or OX-K. Specific 
diagnostic complement-fixing antigens for 
Colorado tick fever have been prepared 
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from infected mouse brains. The antigens 
prepared by benzene extraction, following 
lyophilization, give no false positive reac- 
tions in the presence of positive-syphilitic 
sera (De Boer et al., 1947). Close correla- 
tion is obtained in the complement-fixation 
and mouse-neutralization tests with human 
convalescent sera. The complement-fixing 
and neutralizing antibodies apparently ap- 
pear in the blood of human beings on about 
the 9th to 14th day after diagnosis of ill- 
ness and may remain demonstrable as long 
as 34 months. 


TREATMENT 


Treatment is symptomatic. 


EPIDEMIOLOGY 


The disease is at present known to occur 
in Oregon (Becker, 1930), Utah, Idaho and 
Wyoming (Topping, Cullyford and Davis, 
1940). In Colorado, cases are reported in 
greater numbers than in the surrounding 
states, probably because local interest was 
stimulated by the work of Becker (1930), 
Topping, Cullyford and Davis (1940), and 
Florio, Stewart and Mugrage (1944, 
1946). Patients invariably give a history 
of having been in a tick-infested area four 
or five days previous to the onset of illness 
and in most instances have found a tick 
or ticks attached to their bodies. At present 
the known geographical distribution of Col- 
orado tick fever is limited to the habitat 
of the wood tick, Dermacentor andersoni. 
The majority of the cases occur in the older 
age groups and, as would be expected, par- 
ticularly in males since these persons 
through vocational pursuits are more ex- 
posed to tick bites. Florio and Stewart 
(1947) have demonstrated D. andersoni to 
be infected in nature, and their studies in- 
dicate that the infectious agent may be 
transmitted transovarially to the next gen- 
eration of ticks. 


CONTROL MEASURES 


The prevention of Colorado tick fever 
depends primarily upon the avoidance of 
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tick-infested areas and the early removal 
of ticks that become attached to the body. 
If this is not possible, it is recommended 
that suitable clothing (high boots, leggings, 
or socks worn outside the trouser legs) be 
worn so that ticks will find it more difficult 
to become attached. Recently, Koprowski 
and Cox (1947b) reported on the vaccina- 
tion of four human volunteers with active, 
chick-embryo-adapted virus. Reactions to 
the inoculation consisted of slight swelling 
and tenderness of the lymph nodes adjacent 
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to the site of inoculation, which appeared 
on the sixth or seventh day after injection 
and subsided within 24 to 48 hours. One in- 
dividual showed circulating virus on the 
sixth and eighth days after inoculation, and 
two others on the sixth day, while one 
failed to show circulating virus. All four 
volunteers developed specific neutralizing 
antibodies. Further study is required, how- 
ever, to determine whether or not this type 
of active virus is suitable 
in endemic areas. 
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Yellow Fever 


(Synonyms: Ficvre jaune, fiebre 
amarilla, febre amarela, Gelb fieber ) 


INTRODUCTION 


Yellow fever in man is an acute infection 
caused by a virus. In severe cases, it is 
characterized by an incubation period of 
from three to six days, fever, a pulse rate 
relatively slow in proportion to the tem- 
perature, albuminuria and a tendency to 
hemorrhage, particularly from the mucosa 
of the stomach and gums. In severity, the 
disease varies from an almost symptomless 
infection to a severe, rapidly fatal one, 
death occurring usually within ten days of 
onset. There are no sequelae. Recovery 
leaves a life-long immunity. Man acquires 
the infection by the bite of an infected 
mosquito. The disease occurs in two main 
epidemiologic varieties. In the first, the 
virus is transmitted from man to man by 
certain species of mosquito belonging to the 
genus Aédes of domestic or semidomestic 
nature, The classic urban yellow fever be- 
longs to this variety, the virus cycle being 
man—Aédes aegypti—man. In the second 
variety, in the course of a virus cycle in- 
volving wild animals, particularly monkeys 
and forest-loving mosquitoes, man is only 
secondarily infected. Yellow fever is now 
present in large areas of continental South 
America and Africa. 


HISTORY 


It is not known whether or not the orig- 
inal home of yellow fever was in Africa or 
in America. The first epidemic that can be 
definitely identified as yellow fever occurred 
in Yucatan in 1648 (Carter, 1931) ; accounts 
of previous epidemics are too vague for 
identification, but there can be little doubt 
that at this time the disease was already 
very widespread. During the seventeenth, 
eighteenth and nineteenth centuries, the dis- 
ease was widely distributed throughout the 
Caribbean islands and the adjoining coastal 
regions of North, Central, and South Amer- 
ica, From this large focus, it was at times 
transported to more northerly-located cities. 
Thus, Baltimore, Philadelphia, and New 
York at times suffered severe epidemics, 
which were always confined to the warmer 
months of the year, disappearing entirely 
with the onset of cold weather and leaving 
the cities free until reinfected from outside. 
During this time, yellow fever was essen- 
tially a disease of the trade routes of the 
Atlantic. Epidemics were common on sail- 
ing vessels where 4. aegypti bred in water 
vats, and this means of transportation was 
undoubtedly the method of dissemination, 
On several occasions, yellow fever was 
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taken into the Iberian peninsula where 
severe epidemics occurred. From infected 
coastal towns, yellow fever was introduced 
into the heart of North and South America 
by traffic on the Mississippi and the 
Amazon, 

Some evidence of the severity of yellow 
fever may be obtained from the figures 
quoted by Reed et al. (1911). It was esti- 
mated that there must have been at least 
500,000 cases of the disease in the United 
States during the period between 1793 and 
1900. The great epidemic in Spain in 1800 
caused 60,000 deaths. In Rio de Janeiro, 
yellow fever was responsible for 23,000 
deaths between 1851 and 1883. Yellow fever 
was first reported in Cuba in 1649 and was 
almost continuously present until 1900, 
causing 35,900 deaths in Havana during the 
period between 1853 and 1900. During the 
brief occupation of Cuba by the American 
forces during the Spanish-American War, 
1,575 cases of yellow fever with 231 deaths 
occurred in the American army ; because of 
this the Yellow Fever Commission was ap- 
pointed, with Major Walter Reed in charge. 
Modern knowledge of the etiology and epi- 
demiology of yellow fever stems from the 
findings of this commission, which clearly 
demonstrated that the agent responsible for 
yellow fever passed through bacteria-tight 
filters and was present in the blood of a 
patient during the first three days of fever, 
and that the mosquito édes aegypti was 
capable of transmitting the disease by bite, 
provided a period of 12 days was allowed 
to lapse after an infective feeding. Acting 
on this information, Gorgas, by applying 
antimosquito measures, was able to eradi- 
cate yellow fever from Havana. 

Following the application of anti-aegypti 
measures, it was noticed that yellow fever 
showed a tendency to disappear from neigh- 
boring small towns and villages. This led 
to the development by Carter of the “key 
center” theory, according to which, two fac- 
tors are necessary to maintain yellow fever 
in a community; first, a large population of 
susceptible human beings, and second, a 


constant supply of the mosquito, As con- 
siderable evidence was available that an 
attack of yellow fever produced a life-long 
immunity, it was obvious that the requisite 
number of susceptible persons could occur 
only where an adequate immigration of 
people from yellow-fever-free countries took 
place or in large cities where the newborn 
supplied this factor, On the basis of this 
theory, the possible key centers were sur- 
veyed, and a campaign was set on foot with 
the object of eradicating yellow fever from 
the Americas, One of the major key centers 
was Guayaquil. Following the eradication 
of yellow fever from this city the disease 
disappeared from the entire Pacific coast of 
South America, At the time when it looked 
as though this campaign was about to be 
crowned with success a sudden and unex- 
plained epidemic of yellow fever occurred 
in Rio de Janeiro in 1928. 

Stokes, Bauer and Hudson (1928), inves- 
tigating yellow fever in Africa, showed that 
the rhesus monkey is susceptible to the 
virus. By the use of this experimental ani- 
mal, it was shown that monkeys indigenous 
to Africa or South America are susceptible 
to yellow fever and that mosquitoes, other 
than Aédes aegypti, under experimental con- 
ditions can transmit the virus. These obser- 
vations first opened up the possibilities of 
an epidemiology of yellow fever not con- 
fined to the cycle, man—daegypti—man. 
This possibility was emphasized by the 
finding of cases of yellow fever in South 
America in areas where Aédes aegypti does 
not exist, and led to the discovery of the 
epidemiologic entity now known as jungle 
yellow fever. It has been clearly established 
that yellow fever virus is maintained in the 
jungle in South America and Africa in the 
absence of both man and A. aegypti and 
that under such conditions man becomes 
infected only by close contact with the 
jungle. 

The discovery (Theiler, 1930), that white 
mice are susceptible to an intracerebral 
inoculation of yellow fever virus, even 
though the experimental disease in this host 
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does not show the clinical and pathologic 
pictures of the human malady, led to the 
development of various protection tests 
which have proved of value in the study 
of the epidemiology and distribution of the 
disease. The observation that serial passage 
of the virus in the brains of mice produces 
a loss of virulence for monkeys led to one 
method of human vaccination which is still 
extensively used. A more profound modi- 
fication of the virus was produced by its 
prolonged maintenance in tissue culture. 
This led to the development of the 17D 
strain of virus, which is likewise still in 
use for human vaccination, 


CLINICAL PICTURE 


The most exact information available 
concerning the incubation period is that 
obtained as a result of the infection of 
human volunteers (Reed et al., 1911). Of 
22 cases produced by the bite of from 1 to 
15 infected Aédes aegypti mosquitoes, the 
mean incubation period was 3 days and 17 
hours. The extremes were two hours less 
than 3 days, and two hours more than 6 
days. This coincides with the findings of 
Carter (Reed et al., 1911) who observed an 
average incubation period of slightly less 
than four days in 12 individuals who, after 
being in an uninfected environment, were 
exposed for a short time in an infected one 
and then returned to the first environment. 
It may therefore be concluded that during 
an epidemic outbreak of urban yellow fever 
the incubation period is seldom more than 
six days. The incubation period of yellow 
fever, acquired from accidental contamina- 
tion of the skin by yellow fever virus, may, 
however, be ten days, 

There are usually no prodromata; a pa- 
tient with a typical infection becomes ill 
suddenly. The clinical course of a severe 
case is usually divided into the stages of 
active congestion and stasis with the follow- 
ing signs and symptoms, 

The onset is usually acute and marked by 
fever, rigor, headache, and backache. The 
temperature rises rapidly to reach its maxi- 
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mum on the first or second day. The initial 
temperature is continuous and seldom ex- 
ceeds 103.5° F. The period of active con- 
gestion lasts three or four days, when the 
temperature drops. The stage of stasis then 
sets in and the temperature rises again but 
seldom reaches its previous maximum, The 
two stages may coalesce without any drop 
in temperature to mark the transition. Dur- 
ing the stage of congestion the patient is 
intensely ill and restless ; nausea and vomit- 
ing are common. The face is flushed, lips 
swollen, and eyes injected. The tongue is 
bright red, A tendency to bleeding may be 
apparent early. During the stage of stasis 
the whole aspect changes. The active con- 
gestion fades, to be replaced by a venous 
stasis. The face is no longer swollen, and a 
dusky pallor replaces the bright red of the 
first stage. The gums become swollen and 
spongy and bleed spontaneously or on light 
pressure. Nausea and vomiting are common. 
The vomited matter usually contains some 
altered blood; this is the “black vomit.” 
The tendency to hemorrhage is marked: 
ecchymoses may develop; melaena is com- 
mon, The pulse rate is markedly slow in 
relation to the temperature; this is known 
as Faget’s sign and develops during the 
first stage and becomes progressively more 
marked during the second stage, The blood 
pressure is low. Prostration may occur and 
is usually out of proportion to the clinical 
picture, Albuminuria usually appears to- 
ward the end of the period of congestion, 
but becomes very marked during the period 
of stasis. Oliguria or anuria may develop. 
Jaundice appears during the second stage, 
and is seldom very marked ; it may indeed 
be absent, It is more marked as a rule in 
cases in which the malady is prolonged and 
in convalescence. Most deaths occur on the 
sixth or seventh day, and seldom later than 
ten days after onset, Complications are not 
frequent, Recovery is rapid and complete. 
The severity of the disease varies from 
an extremely mild to a fulminating infec- 
tion. It is probable that many immunizing 
infections are without symptoms, Diagnosis 
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can then be made only by serologic tests. 
However, a study of yellow fever acci- 
dentally contracted in the laboratory (Berry 
and Kitchen, 1931) demonstrated that mild 
cases show many of the characteristic signs 
and symptoms of the severe ones. In all but 
a few cases, the saddleback type of tem- 
perature Curve is apparent. The pulse re- 
action is typical; the peculiar relationship 
of a slowing heartbeat to a constant or in- 
creasing temperature is almost invariable. 
Albuminuria, such a marked feature in 
severe Cases, may be entirely absent in mild 
ones, An important sign in yellow fever in- 
fection is the change observed in the white 
blood cell count. There is a steady fall in 
the number of leukocytes beginning with 
the onset of the disease. The leukopenia is 
at its maximum on the fifth or sixth day 
and is chiefly due to a decrease in the num- 
ber of neutrophiles. Lymphopenia is usual 
and may be marked (Berry and Kitchen, 
1931). The most marked pathologic changes 
in yellow fever are observed in the liver 
and kidney. In the most severe cases there 
is an almost complete destruction of the 
parenchymatous cells of the liver, and con- 
sequently one would expect the metabolic 
changes associated with extensive liver de- 
struction, Wakeman and Morrell (1930) 
found in terminal stages of yellow fever in 
monkeys that urea formation diminished 
while amino acid nitrogen of both blood 
and urine rose rapidly. These disturbances 
of deaminization of urea formation are pre- 
ceded by hypoglycemia. No definite impair- 
ment of kidney function was observed, 
except a terminal anuria, These authors 
failed to find any important changes in the 
uric acid of blood and urine except in the 
terminal stages of the experimental disease. 
Findlay and Hindle (1930) found significant 
increases of blood guanidine in infected 
monkeys. Definite small increases of guani- 
dine were found in a patient with a labo- 
ratory infection (Berry and Kitchen, 1931). 

Most authorities agree that in the Negro, 
yellow fever is milder than in other races. 
However, severe epidemics among Negroes 
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with a number of deaths, such as that which 
occurred in the Nuba Mountains in Africa, 
have been reported (Kirk, 1941). Opinions 
differ as to whether the disease in children 
is as severe as in adults. It is very difficult 
to evaluate the overall mortality of yellow 
fever. This is usually high in cases in which 
black vomit and jaundice occur, However, 
experience has shown that for every case 
diagnosed, there are usually a great many 
undiagnosed mild infections as shown by 
the development of specific neutralizing an- 
tibodies, Taking into account missed cases, 
the mortality is probably seldom greater 
than 5 per cent. 
PATHOLOGIC PICTURE 

The outstanding macroscopic findings in 
yellow fever are signs of degeneration in 
the liver, kidney and heart, accompanied 
by hemorrhages and jaundice, The cadaver 
usually has a livid appearance due to venous 
congestion, Since the blood in fatal yellow 
fever remains fluid for a long time, it col- 
lects in the dependent portions of the body. 
Jaundice is always present, seldom well 
marked, The liver is of normal size or 
slightly enlarged, somewhat yellow in color, 
and fatty on section; when drained of 
blood, it has a boxwood color. The tense 
and swollen kidneys are likewise fatty and 
yellow ; the cortex is not clearly demarcated 
from the medulla, Evidence of hemorrhage 
is usually found; the most frequent site is 
in the mucosa at the pyloric end of the 
stomach, where and punctate 
hemorrhages are present. In very few cases 
is there a complete absence of altered blood 
in the stomach contents, 

On microscopic examination, the most 
characteristic lesions are found in the liver 
(da Rocha Lima, 1912). The liver cells 
undergo cloudy and fatty degeneration and 
a distinctive type of necrosis (Plate 6, top). 
The necrotic cells are mainly confined to 
the midzone, although in severe cases the 
necrosis may involve almost the entire 
lobule. In such cases, however, there will 
always be found a few normal-appearing 
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cells about the central vein and about the 
periphery of the lobule. Furthermore, all 
cells in the midzonal section may not be 
destroyed, resulting in a spotty distribution 
of the necrotic areas. The necrosis is hyaline 
in type and may be confined to part of the 
cytoplasm, but usually the whole cell is 
involved. Such necrotic, hyaline cells are 
known as Councilman bodies. The Kupffer 
cells are enlarged and may be granular in 
appearance, The sinusoids in the necrotic 
areas are engorged. Actual hemorrhage in 
the liver is rare. In spite of extensive necro- 
sis, the architecture remains intact. During 
recovery the parenchymatous cells are re- 
placed, leading to a complete restoration 
of the liver without residual signs of infec- 
tion such as cirrhosis. 

The lesions observed in the kidney are 
not distinctive. As in the liver, there is a 
complete absence of inflammatory reaction. 
Cloudy and fatty degeneration of the entire 
kidney tubule, often more marked in the 
convoluted portion, is usually present. The 
spleen is usually hyperemic, but this is un- 
accompanied by a leukocytic infiltration 
(Klotz and Belt, 1930). The most distinc- 
tive feature is found in the malpighian cor- 
puscles. At first there is a mononucleosis 
consisting of undifferentiated cells derived 
from the reticular tissue which persists 
throughout the entire course of the disease. 
There is a striking loss of lymphocytes. 
False germinal centers are formed. Degen- 
eration is marked throughout the entire 
organ, which, characterized by cells with 
vesicular nuclei and waxy-appearing cyto- 
plasm, may lead to actual necrosis, particu- 
larly noticeable in the false germinal cen- 
ters. Parallel changes are observed in the 
lymph nodes, Degenerative changes are 
present throughout the heart. 

Lesions observed in rhesus monkeys are 
essentially the same as those in man, 
namely, degenerative lesions in the liver 
(Plate 6, top), kidney, spleen, and lymph 
nodes. In monkeys that have died of yellow 
fever following inoculation of unmodified 
virus, there are no lesions of encephalitis. 
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The encephalitis produced by the neuro- 
tropic virus presents no distinctive features, 
being manifested by necrosis of ganglion 
cells and perivascular infiltration with round 
cells, Similar changes are found in the cen- 
tral nervous system of infected mice. 

Yellow fever virus infection may pro- 
duce inclusion bodies, which are intra- 
nuclear, acidophilic, variable 1n size, granu- 
lar in appearance and irregular in outline 
(Plate 6, bottom). As a rule they partially 
surround the nucleolus. The chromatin of 
the nucleus becomes marginated. These 
bodies are only occasionally seen in livers 
of human beings with yellow fever (Cowdry 
and Kitchen, 1930). The inclusions are 
found in the nuclei of parenchymatous cells 
of the liver of infected monkeys and in 
cells of the brain and spinal cord of infected 
mice, 

It is apparent that the lesions described 
above provide an almost complete explana- 
tion of the signs and symptoms of yellow 
fever. Damage of the liver causes hemor- 
rhage and changes in metabolism ; albumin- 
uria is due to degenerative changes in the 
kidney, brachycardia and low blood pres- 
sure to involvement of the heart ; lympho- 
penia results from involvement of the lym- 
phoid tissue of the spleen and lymph glands. 
Unfortunately, no studies have been made 
on the bone marrow of man or monkey dead 
of yellow fever. The marked leukopenia 
suggests that the myelogenic centers may 
be affected. 

Support for most of the above statements 
has been obtained by a study of the mode 
of spread and the sites of multiplication of 
yellow fever virus in rhesus monkeys. In 
unpublished experiments, the author has 
shown that, following an intradermal in- 
oculation, virus spreads immediately to the 
local lymph glands where multiplication 
occurs, After several days, it enters the 
blood stream and infects the liver, spleen, 
kidneys, bone marrow, and lymph nodes. 
If a monkey survives, virus can still be 
demonstrated in the lymph nodes, spleen, 
and bone marrow for several days after the 


PLATE 6 





(Top) Photograph of section of the liver of a 
rhesus monkey that had died of experimentally 
induced yellow fever. Note midzonal necrosis. 
Phlexine-methylene blue stain. x200. 


(Bottom) Higher magnification of the plate 
above, illustrating intranuclear inclusions in par- 
enchymatous cells of liver. Phloxine-methylene 
blue stain. x900. (Photographs by R. F. Carter) 
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blood has become virus-free. There is a 
clear distinction of the organs involved, 
depending on the virulence of the virus. 
With highly virulent strains, such as the 
Asibi, the highest titer of virus is found in 
the liver. On the other hand, the almost 
avirulent 17D strain can be demonstrated 
only in spleen, lymph nodes, and bone mar- 
row. Strains of virus intermediate between 
these two, for example, the mouse-adapted 
French neurotropic strain, follow more 
closely the pattern of the Asibi; however, 
the titers of virus obtained in the liver and 
blood are not so high. 

Yellow fever in monkeys, and presumably 
in man, is basically an infection of the 
hemapoietic system and only secondarily 
involves other organs. Almost all lesions can 
be explained on the basis of infection by 
and multiplication of the virus. Death oc- 
curs probably as a direct result of damage 
done by the virus in the liver and kidney. 
It is an interesting observation that from 
man dead of yellow fever the virus has only 
once been isolated. It appears that yellow 
fever is a self-limited infection, which if 
severe enough, will lead to death, even at a 
time when the defense mechanism has over- 
come the virus. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 

Yellow fever virus shows marked tissue 
affinities. Unmodified virus is pantropic, 
showing affinity for all three embryonal 
layers. By viscerotropism is meant affinity 
of the virus for abdominal viscera, par- 
ticularly the liver, and the rhesus monkey 
is the experimental animal largely used for 
demonstrating it. All yellow fever viruses 
exhibit some neurotropism; the common 
albino mouse is the animal of choice for 
demonstrating it. By various experimental 
means both of these attributes can be 
modified. 

Various strains of yellow fever virus 
differ in their affinities. Thus, some strains 
are highly pathogenic for the viscera of 
rhesus monkeys, almost invariably produc- 


ing a fatal infection, with death due to 
an acute necrosis of liver cells. In such in- 
fections the virus invades the blood stream 
where it is present in high concentration. 
Other strains when inoculated by extra- 
neural routes have little capacity to de- 
stroy visceral cells, rarely producing death 
from liver necrosis; the only manifestation 
of infection may be the presence of virus 
in the blood. When a highly viscerotropic 
strain is inoculated into the brain of a 
rhesus monkey, death occurs as a result of 
liver damage and not encephalitis. The 
essential neurotropism of such a strain can, 
however, be shown if, at the time virus is 
inoculated intracerebrally, the liver is pro- 
tected by an injection of specific, immune 
serum. A monkey so inoculated will de- 
velop fatal encephalitis. The virus can be 
transmitted in series in this manner, always 
producing encephalitis. After a number of 
such passages, the virus loses some of its 
viscerotropism so that, when inoculated 
intracerebrally without the concomitant in- 
jection of immune serum, a monkey dies of 
encephalitis (Penna, 1936). 

The modification of yellow fever virus is 
most readily accomplished by serial intra- 
cerebral passages in mice (Theiler, 1930). 
This procedure leads to two predictable re- 
sults. First, the incubation period and the 
course of the disease in the mice becomes 
shorter; and second, the pathogenicity for 
monkeys by parenteral inoculation is di- 
minished. Pari passu with this loss of 
viscerotropism there is an enhancement of 
neurotropism, All yellow fever viruses so 
far studied, if serially passaged in mouse 
brains, acquire the ability of producing a 
fatal encephalitis in rhesus monkeys. This 
ability is most readily shown by intracere- 
bral inoculation, although from 5 to 10 per 
cent of monkeys inoculated subcutaneously 
may die of encephalitis. The survivors ac- 
quire a solid immunity to a subsequent 
infection with highly viscerotropic virus. 
That the mouse-adapted virus has not en- 
tirely lost its viscerotropic affinity can 
readily be shown by the demonstration of 
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circulating virus. In fatal encephalitis, pro- 
duced either by intracerebral or by paren- 
teral inoculation, the virus is widespread 
in the peripheral nervous system. At the 
time of death it can be recovered from the 
brain, spinal cord, retina, peripheral nerves, 
salivary glands, and adrenal glands, but not 
from the blood, cerebrospinal fluid or liver. 
Neutralizing antibodies are present at the 
time of death. 

A further loss of virulence has been pro- 
duced by prolonged cultivation in tissue 
culture (Lloyd, Theiler and Ricci, 1936). 
One of the variants, known as the 17D 
strain, is used extensively for human vac- 
cination (Theiler and Smith, 1937a) and 
has lost to a considerable extent both its 
viscerotropic and neurotropic affinities 
(Theiler and Smith, 1937b), On subcu- 
taneous inoculation of it into rhesus mon- 
keys, a mild systemic infection occurs which 
can be demonstrated by the presence of 
minimal amounts of virus in the circula- 
tion; on intracerebral inoculation, it pro- 
duces an encephalitis which is fatal in only 
about 5 per cent of animals. 

In addition to the rhesus monkey, it has 
been found that all South American and 
African species of monkey so far tested are 
Susceptible to the virus of yellow fever. In 
most instances, the infection is compara- 
tively mild, and accompanied only by a 
temporary invasion of the blood stream and 
the development of specific antibodies. 
However, the invasion of the blood is suffi- 
cient for mosquitoes to be readily infected 
by feeding on them, as a rule, thus indi- 
cating the possibility of these animals act- 
ing as hosts for the preservation of the virus 
in nature, 

Adult mice are very susceptible to the 
virus after intracerebral, less after intra- 
nasal, and seldom after intraperitoneal in- 
oculation, Immature mice, however, are 
highly susceptible to the virus administered 
parenterally. In both adult and infant mice, 
at the time of death, the virus can be dem- 
onstrated only in nervous tissue and in the 
adrenal gland, an organ which is develop- 
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mentally a part of the nervous system, With 
age, mice rapidly acquire a resistance to 
virus inoculated peripherally (Bugher, 
1941). This resistance is quite apparent at 
nine days of age. Mice younger than this 
are just as susceptible to neurotropic and 
viscerotropic strains of virus inoculated 
subcutaneously as adult mice are to similar 
strains given intracerebrally. The suscepti- 
bility of infant mice to peripheral inocu- 
lation has been used to determine the 
infectivity of mosquitoes in transmission 
experiments. Not all strains of mice are 
equally susceptible to yellow fever (Sawyer 
and Lloyd, 1931); of the strains available 
to these authors, the Swiss strain proved the 
most suitable. 

Findlay and Clarke (1934a, b) found that 
the common European hedgehog is suscep- 
tible to the virus of yellow fever. Not only 
do these animals die after an inoculation of 
virulent viscerotropic strains, but they also 
succumb to infection after subcutaneous 
inoculation of the modified neurotropic 
French strain, which in these animals still 
has the capacity of producing liver necrosis. 

The rabbit and the rat are completely re- 
sistant to the virus, The guinea pig is, asa 
rule, susceptible to virus given intracere- 
brally, developing a fatal encephalitis. Dif- 
ferent strains of guinea pig vary in their 
response to parenteral inoculation of virus. 
Some are highly susceptible, developing a 
symptomless, systemic infection, as demon- 
strated by the presence of virus in the cir- 
culation; others appear to be completely 
resistant, 

In the search for possible hosts of jungle 
yellow fever, the susceptibility of numerous 
wild animals has been studied. To date, 
birds, cold-blooded animals, and mammals 
belonging to the orders of Carnivora and 
Chiroptera, and most rodents have been 
shown to be resistant to virus inoculated 
parenterally. In most of these groups, very 
few species have been studied and, as a rule, 
only adults, Animals which have been found 
susceptible include the peccary, several spe- 
cies of edentates (anteaters, armadillos, and 
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sloths), a few rodents, and all the marsu- 
pials. Most of these animals are only mod- 
erately susceptible, as minimal amounts of 
circulating virus are present, 

The classic urban type of yellow fever is 
transmitted by Aédes aegypti, The experi- 
ments of Reed et al. (1911) showed that 
Aédes aegypti becomes infected by biting 
a patient during the first three days of the 
disease and that an interval of approxi- 
mately 12 days must elapse before it can 
transmit infection by bite, Subsequent work 
has shown that, under experimental condi- 
tions, this extrinsic incubation period can 
be as short as four days and as long as three 
weeks if the mosquitoes are kept at 37° C. 
or 20° C., respectively (Davis, 1932). A 
mosquito once infected remains infective 
for life. There is no evidence that the virus 
can pass to the next generation through the 
egg. The mosquito harbors the infection 
without any ill effect. 

Evidence is conclusive that yellow fever 
virus actually multiplies in the mosquito 
(Whitman, 1937). Following an infective 
blood-meal the virus in the mosquito 
diminishes, reaching a minimum during the 
first week. It then increases rapidly until 
quantities far greater than the amount in- 
gested can be demonstrated, This may occur 
following ingestion of very small quantities 
of virus. Very little is known concerning 
the relative efficiency of various mosquitoes, 
shown to be capable of transmitting the 
virus, to act as intermediate hosts. More- 
over, it is not known whether the Aédes 
aegypti mosquito is equally efficient as a 
vector in its many homes throughout the 
world. Finally, it is not known whether or 
not all strains of yellow fever virus are 
equally capable of infecting susceptible 
mosquitoes. From the human experiments 
of Reed et al. (1911), one is warranted in 
concluding that under the conditions of 
their work, the aegypti mosquitoes used by 
them became infected readily, as they had 
no difficulty in transmitting the disease by 
the bite of from 1 to 15 mosquitoes. Virus 
may multiply in species of mosquitoes in- 
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capable of transmitting it by bite. 

For a long time, it was thought that yel- 
low fever virus as it exists in the mosquito 
is not filterable. The explanation for this is 
that, when infected mosquitoes are ground 
in saline solution, the virus is inactivated 
by the salt; but, when a diluent containing 
normal serum is used, the virus is readily 
filterable, 

The optimum conditions under which 
mosquitoes become infected is not known. 
Bates and Roca-Garcia (1945) had diffi- 
culty at first in experimentally infecting 
Haemagogus mosquitoes, although numer- 
ous infected mosquitoes of this species, 
capable of producing infection in experi- 
mental animals by bites, had been caught 
in nature, Finally, it was discovered that 
laboratory-fed mosquitoes, if kept at 30° 
C., are able to transmit the infection read- 
ily by bite. In these experiments, not only 
was the extrinsic incubation period short- 
ened by the higher temperature, but the 
percentage of mosquitoes becoming infected 
was increased. Whitman and Antunes 
(1938) showed that mosquito larvae can be 
infected by immersion in virus prepara- 
tions: male and female adults, which are 
derived from these larvae, are infected and 
the females are capable of transmitting the 
disease by biting. 

Of African mosquitoes, in addition to 
Aédes aegypti, the following have been 
shown experimentally capable of transmit- 
ting the virus by bite: Aédes luteocephalus, 
A. stokesi, A, vittatus, A. africanus, A. simp- 
soni, A, taylori, A, metallicus, Eretmopod- 
ites chrysogaster, Mansonia africana, and 
Culex thalassius, South American mosqui- 
toes capable of acting as experimental hosts 
are: Aédes scapularis, A. fluviatilis, A. leu- 
cocelaenus, and various members of the 
genus Haemagogus. The taxonomy of the 
latter genus is unsettled. Species identified 
as Haemagogus capricorn, H. spegazzinit, 
H. splendens, and H. equinus have been 
shown capable of transmitting the virus. 
However, very few of these mosquitoes have 
actually been incriminated in the epidemi- 
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ology of yellow fever. In South America, yel- 
low fever virus has been isolated on numer- 
ous occasions from wild-caught species of 
Haemagogus and several times from Aédes 
leucocelaenus, In Africa, only Aédes simp- 
soni has been found infected in nature. 

Mosquitoes are the only bloodsucking 
arthropods which have been definitely 
shown to play a part in the epidemiology 
of yellow fever. Miscellaneous experiments 
have been made with a great variety of 
other arthropods, such as ticks, mites, fleas, 
lice, triatomas and bloodsucking flies. None 
of these, however, was found capable of 
transmitting the disease. 


ETIOLOGY 


Karly investigations of the properties of 
yellow fever virus were made by means of 
human volunteers, who were used by the 
American Army Commission under Walter 
Reed in Havana in 1901 (Reed et al., 1911). 
Work was therefore extremely limited, but 
it was possible to show that the virus passed 
through filters which retained bacteria. 
When experimental animals became avail- 
able, it was shown that the etiologic agent 
of yellow fever is one of the small viruses. 
It readily passes through Seitz as well as all 
grades of Berkefeld and Chamberland fil- 
ters. By the use of collodion membranes of 
graded porosity (gradocol membranes), its 
diameter has been estimated to be from 17 
to 25 mu. The particle size of neurotropic 
and viscerotropic strains appear to be iden- 
tical. By ultracentrifugation, Pickels and 
Bauer (1940), on the assumption that the 
virus particle is spherical, estimated its 
diameter to be between 12 and 19 mu. 

The virus of yellow fever is extremely 
labile; it is readily inactivated by heat and 
the usual antiseptics. It can be preserved 
in 50 per cent glycerol for several months. 
Frozen infected material retains its activity 
for a long time. The best method for the 
preservation of yellow fever virus is through 
desiccation while in the frozen state, and 
storage in a refrigerator: under such con- 
ditions the virus may remain viable for 
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many years, Storage of frozen material in a 
dry-ice container is convenient and satis- 
factory provided that the ampules are 
sealed. Unless this precaution is taken, car- 
bon dioxide readily dissolves in the material 
and the virus becomes inactivated. Dilution 
in physiologic salt solution quickly inacti- 
vates the virus (Bauer and Mahaffy, 1930). 
The deleterious action of the salt can be pre- 
vented by incorporating from 5 to 10 per 
cent normal serum in the diluent. In all ex- 
periments with yellow fever virus, a diluent 
containing normal serum should be used. 

Neurotropic yellow fever virus can be 
readily cultivated in a Maitland-type of 
tissue culture. However, it was found diffi- 
cult to adapt an unmodified pantropic strain 
to tissue culture; the first success was ob- 
tained by Lloyd, Theiler and Ricci (1936), 
who were able to grow the Asibi strain in a 
medium containing minced mouse-embryo 
tissue. After some passages, successful cul- 
tivation was obtained in a medium con- 
taining minced chick embryo. In studies 
to determine whether or not the amount 
of nervous tissue in the medium had an in- 
fluence on the neurotropic affinity of the 
virus, several parallel series of cultures were 
established containing varying amounts of 
nervous tissue. Thus, in one series, only 
chick-embryo brain was used; in another, 
whole chick ; and finally in a third, minced 
chick embryos from which the brain and 
spinal cord had been removed. In the last 
series, containing minimal amounts of ner- 
vous tissue, a marked modification of both 
the viscerotropic and neurotropic affinities 
occurred. This is the 17D strain, now exten- 
sively used for vaccination. 

The method of establishing the unmodi- 
hed Asibi strain in tissue cultures was not 
successful with other strains of yellow fever 
virus. It was found, however, that if the 
tissue component consisted of minced mouse- 
embryo brain, other strains could be cul- 
tivated (Smith and Theiler, 1937). After 
the maintenance of the viruses in this me- 
dium, successful multiplication was ob- 
tained in chick-embryo-tissue media con- 
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taining varying amounts of nervous tissue. 
The prolonged cultivation of these strains 
in media containing minimal amounts of 
nervous tissue did not lead to the marked 
change noted under similar conditions with 
the Asibi strain. This, as well as other obser- 
vations, is conclusive evidence that the loss 
of neurotropism noted in the 17D strain 
was not due to the use of a medium con- 
taining minimal amounts of nervous tissue. 
The results of extensive experiments on the 
modification of virulence of yellow fever 
virus when cultivated in tissue culture indi- 
cate that all strains lose a considerable 
amount of their viscerotropic affinity, but 
as a rule the neurotropism remains unal- 
tered. There is no explanation for the 
marked loss of neurotropism noted in the 
17D series of cultures. 

Yellow fever virus can be maintained in 
the developing chick embryo, Pantropic, 
unmodified strains are established with diff- 
culty, but strains which have been main- 
tained in tissue culture or by serial passage 
in mouse brains are readily established, The 
chick embryo is used as a routine for the 
production of vaccine from the 17D strain. 
Penna and Moussatché (1939) studied the 
effect of serial passage in the chick em- 
bryo on a pantropic strain. After a few pas- 
sages in tissue culture, they established the 
Asibi strain in chick embryos and noted 
not only that the viscerotropism of the cul- 
tivated strain decreased but that the neuro- 
tropism for monkeys was markedly dimin- 
ished, They were thus able to produce a 
strain like the 17D. It is noteworthy that in 
Penna and Moussatché’s experiments the 
marked attenuation occurred in an environ- 
ment containing large amounts of nervous 
tissue, for it is known that in the developing 
chick embryo, the brain is one of the main 
sites of virus multiplication. 

Yellow fever virus multiplies when inocu- 
lated into the testes of mice (Smith, 1938) 
and serial propagation can be maintained. 
Intratesticular injection of virus causes no 
generalized infection, and only slight local 
lesions are discernible. No modification of 


the pathogenicity of a virulent strain was 
demonstrated after forty passages, 

Yellow fever virus infection gives rise to 
specific protective antibodies. These can be 
readily demonstrated by means of various 
protection tests, the one most extensively 
used being the intraperitoneal protection 
test of Sawyer and Lloyd (1931). Mixtures 
of the sera to be tested and virus suspension 
are inoculated intraperitoneally into groups 
of adult mice, At the same time sterile 2.0 
per cent starch solution in saline is injected 
into the brain, The quantities of virus and 
serum are such that in the 0.6 cc, inoculum 
there is 0.4 cc. serum and 0.2 cc. of a 20 per 
cent suspension of infective mouse brain. 
As a rule, six mice are used to test each 
serum, If all or all but one of the mice in a 
group live, the serum is considered pro- 
tective. On the other hand, if all or all but 
one die, the serum is negative, Intermediate 
mortality rates are inconclusive, This test 
has been extensively used in a world survey 
of immunity to yellow fever and is ex- 
tremely specific (Sawyer and Whitman, 
1936; Sawyer, Bauer and Whitman, 1937; 
Soper, 1937; Mahaffy, Smithburn and 
Hughes, 1946). The main drawbacks of the 
intraperitoneal protection test are the diffi- 
culty of standardization and the relatively 
large quantities of serum required, The lat- 
ter is important when it is desired to test 
the sera of small experimental animals. 
Furthermore, the test is so severe that sera 
containing minimal amounts of antibodies 
are likely to give negative results. 

Various modifications of the intraperi- 
toneal test are in use. Thus, Whitman 
(1943) was able to render the test more 
delicate and to omit the starch inoculation 
by using young mice 21 days of age. At this 
age mice are still susceptible to a relatively 
large amount of virus inoculated paren- 
terally, without the simultaneous damage 
of the brain, By the use of this test, some 
sera, which are negative by the routine in- 
traperitoneal test of Sawyer and Lloyd, 
are shown to be positive. These delicate 
tests are particularly valuable in studies 
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where the immune response to the virus may 
be minimal such as that occurring in some 
individuals following vaccination with the 
17D virus, or in some species of animals in 
which antibody response to the virus is 
mild. 

The intracerebral protection test (Theiler, 
1933; Bugher, 1940) consists of mixing the 
sera to be tested with a suspension of stand- 
ardized virus of known concentration and 
injecting the mixtures intracerebrally into 
mice, The standard virus used consists of 
filtered infective mouse brain, desiccated 
while frozen in measured amounts and 
stored at a low temperature. Several pre- 
liminary titrations of the virus preparation 
make it possible to dilute it so that when 
mixed with the serum and inoculated in 
0.03 cc. amounts, each mouse receives 100 
M.L.D. To determine the end point in virus 
titrations, the method used is that of Reed 
and Muench (1938), giving the theoretical 
dilution that will kill half the number of 
inoculated mice. 

The complement-fixation reaction has 
been extensively studied in yellow fever 
(Davis, 1931; Lennette and Perlowagora, 
1943). Antigens capable of fixing comple- 
ment are found in liver and serum of in- 
fected monkeys and in the brains of in- 
fected mice. The antigen can be demon- 
strated only in the serum of severely ill 
monkeys; this probably applies also to 
human infections. 

The complement-fixing and protective 
antibodies are not identical, In man and 
in experimentally infected monkeys, pro- 
tective antibodies are demonstrable before 
complement-fixing antibodies. Furthermore, 
in very mild infections, such as that pro- 
duced by the 17D vaccine, complement- 
fixing antibodies are rarely demonstrable 
(Lennette and Perlowagora, 1943). Com- 
plement-fixing antibodies disappear compar- 
atively rapidly; consequently, survey for 
their presence in a population affords infor- 
mation only of severe yellow fever in the 
immediate past. On the other hand, protec- 
tive antibodies persist for a long time, if 
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not throughout life, and a survey for them 
gives an accurate index of the total expo- 
sure of a population to yellow fever, An 
antigen that is probably the same as the one 
causing fixation of complement has been 
demonstrated by Hughes (1933) by means 
of a precipitation test. Evidence supplied 
by both these tests indicates that the anti- 
gen concerned is not the virus; Hughes has 
suggested that it is produced by the action 
of virus on tissues. 


DIAGNOSIS 


During an epidemic, a diagnosis of yellow 
fever can often be made on clinical grounds, 
if the patient shows classic signs and symp- 
toms. However, very mild or atypical cases 
occur in which a diagnosis on clinical 
grounds usually is impossible. Three labo- 
ratory procedures are available to establish 
a diagnosis: (1) isolation of the virus, (2) 
demonstration of the development of speci- 
fic antibodies during the course of the dis- 
ease, and (3) pathologic examination of the 
liver in fatal cases. 

For the isolation of virus, serum obtained 
from a patient is inoculated intracerebrally 
into mice. Virus has been isolated from pa- 
tients by this means up to the fifth day of 
the disease. Mice, after a variable incuba- 
tion period which depends on the concen- 
tration of virus in the blood as well as its 
virulence, develop signs of encephalitis. In- 
asmuch as the signs of disease in the mouse 
are not specific for yellow fever, the agent 
thus isolated from a patient must be identi- 
fied by various means. The commonest 
method is to determine whether or not the 
isolated virus is neutralizable by specific 
yellow fever immune serum. This specificity 
test is usually performed by making serial 
dilutions of the isolated virus. Then to a 
quantity of each virus dilution, an equal 
amount of immune serum is added. To an- 
other series of tubes containing the virus 
dilutions, normal serum is added. The mix- 
tures, with or without incubation for an 
hour at 37° C., are inoculated into the 
brains of mice. If the mice inoculated with 


TREATMENT 


the immune serum-virus mixtures live, the 
agent is that of yellow fever, 

In attempts to isolate yellow fever virus 
from man, it must be borne in mind that 
some strains of the agent act in a para- 
doxical manner. Thus, none of a group of 
mice inoculated with undiluted serum will 
become infected, whereas the same serum 
diluted 10- or 100-fold will cause encephali- 
tis in the inoculated animals. Therefore, 
serum to be tested should be inoculated 
undiluted and in several dilutions into 
groups of mice. By passage in mouse brains, 
this peculiarity is lost rapidly. 

Monkeys can also be used for the isola- 
tion of yellow fever virus. It must be borne 
in mind, however, that strains of yellow 
fever may not be lethal for all species of 
monkey; consequently, an inoculated ani- 
mal subsequently is tested for circulating 
virus at regular intervals by the inocula- 
tion of its serum into mice, The virus iso- 
lated in the mice is then identified in the 
manner described above. Finally, in the case 
of survival, the serum of the monkey is 
tested for specific antibodies. Rhesus mon- 
keys have been used most extensively for 
the isolation of yellow fever viruses, How- 
ever, as all species of monkey so far studied 
have been found susceptible to the virus, 
any available monkey can be used, provided 
that it is known not to have been infected 
previously by yellow fever. In laboratories 
where experiments are conducted in mon- 
keys, it is comparatively common for cross 
infections to occur, In efforts to isolate 
yellow fever virus by the use of monkeys, 
it is consequently of prime importance to 
take all precautions that animals have the 
minimum opportunity of becoming acci- 
dentally infected. 

As facilities for animal inoculation are 
usually not available, a diagnosis can often 
be established by the examination of two 
specimens of serum in the protection test. 
The first is obtained as soon as possible after 
the onset of the disease and the second dur- 
ing convalescence. If the first specimen is 
without antibodies, whereas specific anti- 
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bodies are present in the second, the person 
was infected with yellow fever. As anti- 
bodies in yellow fever are very rapidly pro- 
duced, it may happen that both specimens 
protect the mice, In order to make a diag- 
nosis in such cases, both specimens must be 
titrated for their neutralizing capacity. 
Should the second specimen neutralize yel- 
low fever virus in a higher dilution than 
the first, this is very good evidence that the 
disease was yellow fever, If both specimens 
have the same titer, the disease under study 
is probably not yellow fever; the presence 
of antibodies being due to a yellow fever 
infection in the past, 

The diagnosis of fatal yellow fever by the 
examination of the liver plays a very im- 
portant part in those countries where the 
disease is endemic. In certain countries, 
notably Brazil, where yellow fever occurs 
over an enormous area, the systematic 
study of liver sections of persons who have 
died of an acute febrile disease of less than 
ten days’ duration, is a very important func- 
tion of the Yellow Fever Service (Rickard, 
1937). The viscerotome, a simple instru- 
ment by which small portions of liver can 
be obtained from a cadaver, is used. This 
instrument can be employed by a lay per- 
son. The portions of liver thus obtained 
are fixed in formalin solution, embedded in 
paraffin, and stained with hematoxylin and 
eosin. Diagnosis is based on the presence 
of typical lesions. 

TREATMENT 

There is no specific treatment, Complete 
rest in bed and careful nursing are essen- 
tial for even the mildest cases. Solid food 
should be withheld. Fluids should be forced ; 
Vichy water is recommended, Orange juice 
is valuable in combating hypoglycemia and 
supplying extra alkali, If persistent vomit- 
ing occurs, saline solution may be given by 
epidermoclysis, and glucose by intravenous 
injection. Cracked ice by mouth may relieve 
vomiting. If this fails, codeine sulphate by 
hypodermic injection or cocaine hydrochlo- 
ride by mouth should be given, High tem- 
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perature may be relieved by tepid water 
sponges. To relieve the headache, ice caps 
may be used; it may, however, be necessary 
to give an analgesic such as codeine sul- 
phate. In view of the tendency to constipa- 
tion, a laxative should be given early in the 
disease, and thereafter daily enemas should 
be administered. 


EPIDEMIOLOGY 


Following the development of the protec- 
tion test and its application to the study of 
the world-wide distribution of immunity to 
yellow fever, several important facts were 
established. It was shown that yellow fever 
as it occurred years ago in Cuba, New 
Orleans, and Panama was immunologically 
the same as that which is encountered at 
the present time. The identity of the dis- 
ease in Africa and America has been clearly 
established. The presence of immunity to 
yellow fever was shown to be confined to 
the American and African continents. How- 
ever, an analysis of the age distribution of 
protective antibodies indicated that yellow 
fever is now no longer present in places 
where it had formerly been prevalent. Thus, 
no evidence was found of any immunity to 
yellow fever in persons born in Cuba or 
New Orleans since the last reported epi- 
demics in these places during the first few 
years of this century, Extensive investiga- 
tions indicate that the disease has com- 
pletely disappeared from the Caribbean 
islands and from North America and Cen- 
tral America, north of the Panama Canal. 

In Africa and in South America the zone 
of immunity to yellow fever was found to 
be unexpectedly large. The limits of the 
area in which antibodies to yellow fever 
were found in children, and hence areas 
where the infection has been present in 
recent years, comprise the bulk of the tropi- 
cal zones in the two continents, In South 
America this endemic zone consists of the 
major portion of the Amazon and Orinoco 
basins, in addition to the greater part of 
Colombia and the Guianas (Soper, 1937). 
In this enormous region, Aédes aegypti is 
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not universally present so that, clearly, in 
many places the infection was transmitted 
in the absence of this vector, In Africa, pre- 
vious to the modern era of research, yellow 
fever had only been reported along the west 
coast in a comparatively narrow zone, ex- 
tending from Dakar to the mouth of the 
Congo. Actually, yellow fever occurs in an 
area extending from the Atlantic to the 
Indian Ocean, The northern boundary is 
the Sahara from Dakar to the Eritrean 
coast on the Red Sea. The southern bound- 
ary has not yet been clearly demarcated, 
but extends into Northern Rhodesia. 

Two main epidemiologic entities are dis- 
tinguished, based on the habits of the vec- 
tor: the classic urban aegypti-transmitted 
infection and jungle yellow fever, a disease 
essentially of wild animals and transmitted 
to man only secondarily. 

Aédes aegypti is confined to the tropics, 
with extensions both north and south into 
subtropical regions. This mosquito, like 
other species belonging to the subgenus 
Stegomyia, is an old world species and was 
probably introduced into the western hemi- 
sphere during antiquity. The female Aédes 
aegypti prefers to oviposit in water in arti- 
ficial containers. It is thus essentially a 
domestic mosquito breeding in or in the 
immediate vicinity of houses. This domes- 
ticity seems to be more marked in America 
than in Africa, where it has been captured 
in small numbers even in primeval forest. 
It is probable that Aédes aegypti, like the 
other species of the subgenus Stegomyia, 
was originally a tree-hole breeder. Although 
this species is present in the tropical zones 
of the entire world, aegypti-transmitted 
yellow fever has only been reported in the 
Americas, Africa, and Europe. Northward 
or southward extension of the disease out- 
side the tropics has occurred only during 
the warm season of the year when climatic 
conditions were favorable for the mosquito ; 
with the advent of winter epidemics ceased. 

Being transmitted by Aédes aegypti, a 
domestic mosquito, urban yellow fever is 
a household disease affecting all ages and 
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both sexes equally, The virus cycle, man— 
mosquito—man, necessitates an abundance 
of both the vertebrate and invertebrate 
hosts for its maintenance in a community. 
It follows, therefore, that it is only in large 
centers of population with a constant influx 
of susceptibles that this form of yellow 
fever can persist for any length of time. In 
an aegypti-transmitted epidemic the natural 
course of events leads to a gradual diminu- 
tion of the number of susceptibles due to 
immunization or death. Consequently, as 
the epidemic progresses, more mosquitoes 
are necessary to maintain the virus cycle. 
Although centers of population with an ade- 
quate number of susceptible people are 
usually large towns, this is not necessarily 
so. An area containing numerous small col- 
lections of people with frequent communi- 
cation between them may remain infected 
for a long time. The infection in such areas 
wanders from place to place. This condition 
is present in large parts of tropical Africa, 
and at one time prevailed in Yucatan and 
in the northeastern portion of Brazil, In the 
last region, owing to the extreme scarcity 
of water during the dry season, every house 
had its own water storage. So scarce was 
water at times that people visiting neigh- 
boring villages and farm houses would carry 
their own drinking water with them, In this 
manner Aédes aegypti was widely spread 
throughout the rural area, and when yellow 
fever was eradicated from the towns and 
villages, it still managed to maintain itself 
in the comparatively sparsely populated 
rural area. Here, therefore, was the phe- 
nomenon of rural yellow fever transmitted 
by Aédes aegypti. 

The disappearance of yellow fever fol- 
lowing the initiation of antimosquito meas- 
ures was so striking that public health 
authorities became convinced that the man 
—aegypti—man cycle was the only one. As 
the war against Aédes aegypti progressed, 
yellow fever apparently disappeared from 
large areas, and the authorities were justi- 
fied in their opinions. Indeed, by the use of 
the protection test, it has been shown that 
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yellow fever is now no longer present in the 
Caribbean islands or in Central America 
north of the Panama Canal. The last case 
reported from the United States occurred 
in New Orleans in 1905, and the last epi- 
demic north of the Canal occurred in 1924 
in Salvador, although examination by means 
of the protection test of sera of children 
born since then indicated that yellow fever 
persisted for a short time after that epi- 
demic. 

However, in spite of success attending the 
anti-aegypti campaigns, observations were 
made that did not fit into the accepted 
theory. Thus, yellow fever was reported re- 
peatedly from the emerald mines of Muzo 
in Colombia, Competent investigators came 
to the conclusion that the disease in Muzo 
could not be yellow fever, and this conclu- 
sion was largely based on the absence of 
Aédes aegypti from the region, Renewed 
interest in Muzo occurred following aegypti- 
transmitted epidemics of yellow fever in the 
nearby towns of Bucaramanga and Socorro. 
These towns are very isolated, and it was 
a mystery how the infection was intro- 
duced, By the use of the protection test, 
it was shown that immunity to yellow fever 
was very prevalent in rural, aegypti-free 
districts including the Muzo region (Kerr 
and Patino Camargo, 1933). Conclusive evi- 
dence that yellow fever can occur in rural 
areas in the absence of Aédes aegypti was 
furnished by the isolation of yellow fever 
virus during an epidemic which occurred in 
the Valle do Chanaan, Brazil, in 1932 
(Soper, Penna, Cardoso, Serafim, Frobisher 
and Pinheiro, 1933), Extensive surveys of 
immunity to yellow fever clearly demon- 
strated that the disease was widely distrib- 
uted in South America in many places where 
Aédes aegypti does not exist. 

The epidemiologic entity, jungle yellow 
fever, occurs in South America either in 
epidemic or endemic form. In the endemic 
form the disease is almost constantly pres- 
ent and human cases occur year after year. 
The factors concerned in determining human 
infection in an endemic region have been 
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studied by Soper (1938), Taylor and da 
Cunha (1946), and Laemmert et al. (1946). 
Cases of jungle yellow fever are confined 
almost entirely to adult males, This is due 
to the fact that, as a rule, only the adult 
male enters the forest to work, clear the 
jungle, hunt, etc. The infection acquired in 
the jungle is not transmitted as a rule to the 
women and children as the common do- 
mestic mosquito Aédes aegypti is absent. 
The intimate relationship between the inci- 
dence of jungle yellow fever and contact 
with forest is an adequate explanation of 
the peculiar sex and age distribution of 
immunity in a population exposed to the 
disease, which is quite different from that 
seen in aegypti-transmitted infections. 

Numerous observations in various parts 
of South America have shown that species 
of mosquito belonging to the genus Haema- 
gogus play an important role in the epi- 
demiology of jungle yellow fever. On nu- 
merous occasions yellow fever virus has 
been isolated from Haemagogus mosquitoes. 
Man is only secondarily infected in a virus 
cycle in the jungle. As yet, the virus cycle 
or cycles have not been entirely established. 
It is known, however, that various species 
of monkey play an important réle. Thus, in 
almost all regions where cases of jungle 
yellow fever have occurred, a considerable 
proportion of the monkeys show neutraliz- 
ing antibodies to yellow fever virus, Fur- 
thermore, in the study of endemic jungle 
yellow fever in the Ihéus region, yellow 
fever virus was isolated on four separate 
occasions from marmosets (Laemmert et al., 
1946). Ixtensive investigations in this re- 
gion failed to produce evidence that any 
other vertebrate was involved, and Haema- 
gogus Spegazzinti appeared to be the only 
vector. 

Although it is reasonably certain that 
primates and Haemagogus mosquitoes play 
an important role in the maintenance of the 
jungle yellow fever virus in nature, there 
still are many unexplained observations. 
Thus, in the Muzo region, which is a true 
endemic area, monkeys are either rare or 
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absent. Bugher et al. (1944) have presented 
evidence that in such areas species of mar- 
supials may act as vertebrate hosts. With 
certain species of marsupials, yellow fever 
virus infection can be maintained experi- 
mentally by means of mosquitoes, The 
commonest species, the opossum (Didelphis 
marsupialis), is not very susceptible to the 
virus, Bugher et al. (1944), however, have 
presented evidence that in jungle yellow 
fever areas this species shows a high inci- 
dence of neutralizing antibodies. Essentially 
similar results were obtained by Whitman 
(1943) in Brazil, Thirty-two per cent of 
sera from wild-caught Didelphis from an 
area recently overrun by the disease were 
shown to have neutralizing antibodies, 
whereas none of the sera from the same 
species caught in a yellow-fever-free area 
was positive. These observations afford good 
evidence that the Didelphis had been in- 
fected in nature, but do not necessarily 
mean that these animals acted as a link in 
the virus cycle, 

In addition to endemic jungle yellow 
fever, there is the epidemic type. The epi- 
demic form has a tendency to spread far- 
ther each year, The most extensive epidemic 
studied was that of 1933-1938 (Soper, 
1938). Presumably originating in the Ama- 
zon basin, it spread southeastward through 
Brazil, The spread lasted several years. 
During the colder portions of the year, the 
infection apparently disappeared, to recom- 
mence with the advent of the next summer. 
The first cases in the new season were often 
hundreds of miles ahead of the last cases of 
the previous season. This wave spread di- 
agonally throughout Brazil, reaching the 
Atlantic coast at Rio de Janeiro and then 
spreading northwards along the coast to die 
out naturally. It was during this epidemic 
wave that the genus Haemagogus was first 
shown to play some part in the epidemi- 
ology of the disease. The factors involved 
in the epidemic spread of the disease are 
entirely unknown, 

Somewhat similar conditions are found in 
Africa, Aédes aegypti is more widely dis- 
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tributed in Africa than in South America, 
and thus it is difficult to make a clear dis- 
tinction between the two epidemiologic 
types of the disease. However, conclusive 
evidence has been obtained that primates 
act as vertebrate hosts of the virus. The 
most likely invertebrate host in the forest 
is Aédes africanus, which is most active at 
twilight and at night and prefers the upper 
foliage. As in Brazil, man plays no part in 
the maintenance of the virus in the jungle. 
The habitat of Aédes africanus makes it 
extremely unlikely that it infects man in 
the forest. The sequence of events seems to 
be as follows: 

Certain species of monkey have the habit 
of raiding human plantations. In the edge 
of the forest and in the plantations another 
mosquito, Aédes simpsoni, occurs, which is 
a plant-axil breeder. Presumably, this mos- 
quito becomes infected from monkeys and 
then transmits the disease to man. Under ex- 
perimental conditions both Aédes africanus 
and Aédes simpsoni are efficient vectors of 
the disease. Yellow fever virus has been iso- 
lated from the latter, caught in a region 
where cases of yellow fever were occurring 
(Smithburn and Haddow, 1946). It is an 
interesting fact that, although 4édes aegypti 
may be present in the jungle, it does not 
occur in sufficient numbers to be considered 
as a possible vector. The incidence of im- 
munity to yellow fever in man in the 
Bwamba region of Uganda, where the above 
observations were made, is higher near 
forested regions than in the grassland por- 
tion of the country. 

The classic urban, aegypti-borne yellow 
fever is comparatively common in Africa. 
This is the type which has been frequently 
observed in West Africa, Extensive epi- 
demics of rural yellow fever also occur. 
This type may or may not be transmitted 
by Aédes aegypti. The most extensive epi- 
demic of this type, and one of the most 
severe described in recent years, is that 
which occurred in the Nuba Mountains in 
the Anglo-Egyptian Sudan in 1940 (Kirk, 
1941). Over 15,000 cases were recorded, 
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with more than 1,500 deaths. A survey for 
immunity to yellow fever after the epidemic 
indicated that approximately 40,000 cases 
must have occurred, Aédes aegypti, although 
present, was, on epidemiologic grounds, not 
the principal vector. Aédes vittatus, Aédes 
taylori, and Aédes metallicus, all known to 
be efficient vectors under experimental con- 
ditions, were present in the region, and one 
of them was probably the main vector in the 
epidemic, 
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Prior to the development of methods of 
vaccination, anti-aegypti measures were the 
only ones available for the control of yellow 
fever, Their efficacy was clearly established 
by Gorgas and others immediately follow- 
ing the demonstration that Aédes aegypti 
acted as a vector, Following the successes 
in Havana, New Orleans, Panama, and 
Guayaquil, the methods became firmly es- 
tablished. In certain countries, notably 
Brazil, extensive campaigns against Aédes 
aegypti have been undertaken. The meas- 
ures employed are at first confined to the 
control of breeding, This is achieved by a 
weekly search for larvae in and in the 
immediate vicinity of every house, Inspec- 
tors have authority to pour oil into any 
container found to harbor Aédes aegypti 
larvae, This procedure has a twofold effect. 
First, the oil kills the larvae, and secondly, 
the householder is impelled to clean the 
container. The difficulty of cleaning recep- 
tacles after oil has been poured into them 
induces the householder to do everything 
possible to prevent mosquito breeding. Such 
weekly inspection and eradication of all 
breeding places are adequate to reduce the 
number of adult mosquitoes below a level 
where transmission is possible. This proce- 
dure, however, is not sufficient to eradicate 
the mosquito entirely, because hidden breed- 
ing foci are not discovered during routine 
inspections, In order to find these, specially 
trained inspectors are employed. Their 
function is to make captures of adult mos- 
quitoes in every house. Should adults of 
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Aédes aegypti be captured, this is proof 
that breeding is going on. By a survey of 
all the neighboring houses, a hidden focus 
of breeding is usually discovered in that 
house in which the largest number of adult 
mosquitoes is found, By these means it is 
possible to find every breeding focus in a 
town and consequently to eradicate Aédes 
aegypti. From an administrative point of 
view, it has been found cheaper to eradicate 
Aédes aegypti than to keep the mosquito 
population below a critical level. The latter 
necessitates a permanent inspection force 
to prevent the re-establishment of a large 
mosquito population, Following eradica- 
tion, reinfestation does not readily occur, 
and a skeleton force is sufficient to verify 
the continued absence of the mosquito, par- 
ticularly if similar anti-aegypti measures are 
employed in nearby towns. In Brazil, anti- 
aegypti measures have been employed so 
extensively that for several years no cases 
of yellow fever have been reported as being 
aegypti-borne, In fact, the species has been 
eradicated from entire states. 

In Africa the situation in regard to the 
control of Aédes aegypti is not so favorable 
as in other areas. In the first place, Aédes 
aegypti is far more widely distributed. Sec- 
ondly, this species does not seem to be so 
domestic as in the Americas, In fact, speci- 
mens have been captured in primeval forest. 
Furthermore, in tropical Africa, there are 
very few large centers of population; na- 
tives live as a rule in small villages. In 
large towns, the installation of a piped- 
water supply is one of the most efficacious 
methods of aegypti control. 

The development of the newer insecti- 
cides may prove of great value to the sani- 
tarian interested in yellow fever control. 
Thus, DDT would appear to be almost ideal 
for the control of Aédes aegypti; applied 
as a residual spray to the walls of all houses 
at infrequent intervals, it will probably re- 
duce the number of mosquitoes so sig- 
nificantly that the procedure alone may 
prove to be a very effective and inexpensive 
method of control, The extensive use of a 
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DDT spray is probably the method of 
choice in combating a severe aegypti-borne 
epidemic of yellow fever. Marked reduction 
of adult mosquitoes should occur immedi- 
ately, whereas experience has shown that 
antilarval measures require approximately 
six weeks to reduce the mosquito popula- 
tion below the critical level. 

Two strains of attenuated yellow fever 
virus are currently in use for human vac- 
cination. These are known as the French 
neurotropic and the 17D strains. The French 
neurotropic virus is extensively used by the 
French in their West and Central African 
colonies (Peltier et al., 1940). The original 
French strain of yellow fever virus was iso- 
lated from a Syrian in Dakar in 1929. This 
is the strain which was first shown to be 
pathogenic for mice by intracerebral inocu- 
lation. By serial passage, this virus became 
more pathogenic for these rodents, but lost 
entirely its capacity for producing fatal vis- 
ceral yellow fever in rhesus monkeys. The 
method of vaccination as employed by the 
French consists in the use of this mouse- 
adapted virus, 

Other investigators, largely as a result of 
animal experiments, considered this strain 
too virulent for human use. Consequently, a 
method of vaccination was evolved in which 
the subcutaneous inoculation of the French 
neurotropic virus was preceded by an injec- 
tion of human yellow fever immune serum 
(Sawyer, Kitchen and Lloyd, 1932). The 
method proved to be effective but cumber- 
some and impracticable for large-scale im- 
munization. Efforts were consequently made 
to produce a strain more modified than the 
French neurotropic. This was achieved by 
prolonged cultivation of yellow fever virus 
in tissue culture, Meanwhile, the production 
of hyperimmune animal sera considerably 
facilitated the method of vaccination. Of 
the hyperimmune sera, the most practicable 
proved to be that prepared in monkeys. By 
the use of such sera the quantity needed 
per man was reduced from 30 to 40 cc.. 
which was required when human immune 
serum was used, to 1.0 to 4.0 cc. 
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Finally, the degree of change in the 
virus, essential for its safe use in a vac- 
cine without simultaneous injection of im- 
mune serum, was accidentally obtained in 
one of the tissue-culture experiments, For 
the production of vaccine, developing chick 
embryos are inoculated. After four days’ 
incubation at 37° C. the embryos are har- 
vested and reduced to a pulp, either in a 
ball mill or a Waring Blendor. The infected 
chick-embryo juice, after the addition of 
some sterile distilled water, is then meas- 
ured into ampules and desiccated while in 
the frozen state, Before sealing, the ampules 
are filled with dry nitrogen gas. Vaccine is 
stored in a refrigerator. For use, the vaccine 
is reconstituted in the requisite amount of 
sterile salt solution, and 0.5 cc. is injected 
subcutaneously. As the virus in the vaccine 
is active, only one inoculation is necessary. 
Experiments have shown that very minute 
quantities of active virus are capable of 
producing immunity in man (Fox, Kosso- 
budzki and da Cunha, 1943) ; the minimum 
inoculum for successful vaccination has 
been set at 500 M.L.D. (for mice). The 
reactions following vaccination usually are 
remarkably mild. In approximately 5 per 
cent of persons there is a reaction on about 
the seventh day (Smith, Penna and Paoli- 
ello, 1938); this consists of malaise, head- 
ache, backache, and a slight elevation of 
temperature, and, usually lasting about a 
day, it is seldom severe enough to interfere 
with a person’s daily routine. Immunity, as 
determined by the demonstration of specific 
neutralizing antibodies, is manifest by the 
seventh to the ninth day after vaccination. 
The titer of antibodies in persons vacci- 
nated with 17D virus is, as a rule, low, In 
fact, as evaluated by the standard protec- 
tion test, there are always approximately 
5 or 10 per cent of people whose sera must, 
according to the criteria of the test, be con- 
sidered negative. By the use of more deli- 
cate tests, however, it can be shown that 
these are not truly negative, but contain 
specific neutralizing antibodies, though in 
minimal amounts. The duration of immu- 
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nity following vaccination has not. been 
determined. It is known, however, that the 
number of persons showing antibodies is 
not significantly decreased after four years 
(Fox and Cabral, 1943), There is some evi- 
dence that the immune response in children 
is less than in adults, 

Though vaccination with the 17D strain 
has been used extensively for a number of 
years and the reactions, as a rule, have been 
extremely mild, several untoward episodes 
have occurred. The first was the observation 
that some lots of vaccine failed to produce 
an antibody response in a considerable pro- 
portion of vaccinated people. The most 
probable explanation of this is that the 
virus had undergone further change in tis- 
sue culture, resulting in some loss of 
potency. The substitution of an earlier pas- 
sage virus as seed for the manufacture of 
vaccine eliminated this difficulty, The sec- 
ond untoward episode consisted of a few 
cases of encephalitis, all of which followed 
the use of one lot of vaccine (Fox, Len- 
nette, Manso and Souza Aguiar, 1942), No 
explanation is apparent for this, enhanced 
neurotropism, However, the occurrence of 
these changes in virulence in both directions 
led to the standardization of the manufac- 
ture of vaccine. This consists essentially of 
using a large seed-lot of virus. All vaccines 
prepared over a long period of time are con- 
sequently made from the same seed. Since 
adopting this method, no changes of viru- 
lence of the virus have been reported, The 
third, and by far the most serious compli- 
cation following yellow fever vaccination, 
was postvaccinal jaundice, There is no 
doubt but that this was due to the use of 
supposedly normal human serum, which, 
nevertheless, contained the icterogenic 
virus, in the vaccine at the time of manu- 
facture, Since the omission of serum from 
the vaccine, this complication has not 
occurred. 

The method of vaccination used at pres- 
ent by the French consists of applying the 
vaccine suspended in a solution of gum 
arabic to the scarified skin (Peltier et al., 
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1940). The vaccine is issued in the form 
of dried mouse brain infected with the 
French neurotropic strain of virus. Sus- 
pension of the vaccine in gum arabic is 
made immediately before vaccination. 
Often dried vaccinia virus is mixed with 
the gum at the same time, and the indi- 
viduals are thus vaccinated against two 
diseases simultaneously, viz., yellow fever 
and smallpox. The development of specific 
antibodies to yellow fever following the 
French method of vaccination is_ better 
than that following the use of 17D. How- 
ever, the number of reactions is greater, 
being approximately 15 per cent. Serious 
reactions are rare. This method of vaccina- 
tion has been extensively used in the Afri- 
can colonies. The ease of administration 
and the cheapness of manufacture is of 
great importance. The great majority of 
individuals vaccinated by the French 
method have been Negroes. It is the con- 
sensus that, as a rule, the Negro reacts 
less severely to yellow fever virus than do 
white people. However, it is noteworthy 
that the number of severe reactions are far 
less than the results of experiments on 
monkeys would have led one to expect. 
The most conclusive evidence that vac- 
cination is an effective prophylactic meas- 
ure is supplied by the fact that, since the 
introduction of vaccination, no accidental 
cases of yellow fever have occurred in lab- 
oratory workers. Prior to the development 
of a vaccine, these infections were extremely 
common and in several cases even fatal. 
Of similar nature is the observation that 
workers, investigating jungle yellow fever 
and using themselves as mosquito bait, on 
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numerous occasions have isolated virus 
from Haemagogus mosquitoes caught in 
this manner. All such workers had been 
vaccinated and did not contract yellow 
fever. Observations such as this are good 
evidence that vaccination is highly effica- 
cious; furthermore, they also indicate that 
the 5 to 10 per cent of people who respond 
to vaccination by the production of only 
minimal amounts of antibodies are pro- 
tected. 

To date, the results of mass vaccination 
have been satisfactory. In areas in Co- 
lombia where jungle yellow fever is prev- 
alent and where efforts were made to 
vaccinate the entire population, fatal cases 
of yellow fever continued to occur. But it is 
noteworthy that all these cases were in the 
small portion of the population which had 
not been vaccinated. Vaccination is the 
only method available for the protection of 
persons exposed to the risk of jungle yellow 
fever. However, it is extremely doubtful 
that even mass vaccination of people would 
have any effect on the prevalence and ex- 
tent of the virus in the jungle, that is in 
the mosquito and animal hosts. In rural 
areas mass vaccination is the only feasible 
method of protecting the population. In 
Africa, where anti-aegypti measures are to 
a large extent impracticable, mass vaccina- 
tion is of particular value. This is in fact 
the policy of the French government which 
has embarked on a plan of vaccinating 
every person in their colonies every four 
years wherever yellow fever is present. 
The ease of manufacture and administra- 


tion of their vaccine makes such a plan 
feasible. 
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Rift Valley Fever 


(SyNoNyM: Enzootic hepatitis ) 


INTRODUCTION 


Rift valley fever is an acute disease of 
sheep and other lower animals and _ is 
caused by a specific virus. In man the dis- 
ease is characterized by a short incubation 
period, acute onset, fever of several days’ 
duration, prostration, pain in the extremi- 
ties and joints, abdominal discomfort, and 
leukopenia. The mortality rate is low, and 
the immunity following recovery is lasting. 
Man is usually secondarily infected dur- 
ing the course of an epizootic in domesti- 
cated animals. The natural disease has been 
reported only from Africa. 


HISTORY 


During an extensive epizootic of a 
hitherto undescribed disease in sheep in the 
Rift Valley in East Africa in 1930, Daub- 
ney, Hudson and Garnham (1931) isolated 
a virus. Workers associated with these in- 
vestigations contracted a short but severe 
febrile disease and a similar clinical picture 
was common among the herders of the 
infected flocks. The natural disease in sheep 
was ill-defined, consisting of listlessness, 
disinclination for food, and_ prostration. 
The mortality was high in newborn lambs, 
death being due to acute liver necrosis; 
pregnant ewes aborted. The removal of 
infected herds to the highlands led to cessa- 
tion of epizootics. Daubney, Hudson and 


Garnham (1931) showed that inoculation 
of a human volunteer with a filtrate of in- 
fected sheep tissue produced a_ disease 
similar to that observed in the herders. In 
the experimental human disease, virus was 
recovered from blood by inoculating it into 
lambs, and development of specific neutral- 
izing antibodies in the patient was demon- 
strated. Epidemiologic evidence pointed to 
a bloodsucking arthropod, perhaps a night- 
biting mosquito, as a vector. Studies for 
the presence of specific antibodies in man 
have that the infection is rather 
widespread in East and Central Africa. 
Recently it has been found that labora- 
tory infection with the virus is not un- 


shown 


common. 
CLINICAL PICTURE 

The incubation period is five or six days. 
Onset is usually abrupt with malaise, chilly 
sensation, and headache. The symptoms in- 
crease rapidly and the temperature rises to 
102° or 104° F., associated at times with 
chills. Pain in the extremities and joints 
may be extreme. There is usually a feeling 
of discomfort in the epigastrium; definite 
tenderness or even abdominal pain may be 
present. Nausea and vomiting are some- 
times present. The face is flushed and the 
conjunctivae injected ; photophobia is com- 
mon. The temperature curve is, as a rule, 
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of the saddleback type, thus resembling 
that of dengue and yellow fever. The dis- 
ease usually lasts only a few days. Con- 
valescence is rapid, and recovery complete. 
A fatal outcome is rare. One of the most 
characteristic features is a marked leuko- 
penia, which is due chiefly to a diminution 
of the polymorphonuclear leukocytes. The 
urine, as a rule, is normal. Of the numerous 
laboratory infections that have occurred, 
only one was fatal, due to the development 
of venous thrombosis 45 days after the 
onset of the disease (Schwentker and 
Rivers, 1934). 


PATHOLOGIC PICTURE 

Human material not being available for 
study, knowledge of the pathologic picture 
of Rift Valley fever has been obtained by 
investigation of material from lower ani- 
mals. In sheep and other animals the most 
marked changes are observed in the liver 
(Daubney, Hudson and Garnham, 1931); 
focal necrosis, evenly distributed through- 
out the organ, and pinpoint hemorrhages 
are present. In acute fulminating infections 
in lambs, the necrosis may be very exten- 
sive destroying almost all the parenchyma- 
tous cells. The architecture is destroyed, 
and there is an accumulation of phagocytic 
cells, chiefly polymorphonuclear leukocytes. 
The necrosis begins as a hyaline degenera- 
tion in a portion of the cell, rapidly extend- 
ing to involve the whole cell: this process 
usually commences in the midzone of a 
lobule. At first the degenerating cells are 
isolated and resemble a similar type of cell 
seen in livers infected with yellow fever 
virus and known as the Councilman bodies. 
Characteristic of the infection is the pres- 
ence of intranuclear inclusion bodies. 
Chromatin of the nucleus becomes mar- 
ginated and acidophilic material appears in 
the nucleoplasm. These inclusions are more 
homogeneous than those seen in yellow 
fever. The pathologic changes observed in 
other organs are not distinctive. There is 
a tubular nephrosis; in the spleen and 
lymph nodes toxic degeneration is present, 
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and petechial hemorrhages are common in 
all the viscera. Hemorrhagic enteritis has 
been described. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


All monkeys tested to date have been 
found susceptible, South American primates 
more so than African. African monkeys 
inoculated with the virus usually remain 
afebrile, but have circulating virus for a 
few days. South American monkeys respond 
with a febrile reaction. Sheep, goats, and 
cattle are readily infected (Findlay, 1932). 
Animals which have been shown to be sus- 
ceptible are the mouse, ferret, hamster, 
white rat, various species of wild European 
and African rodents, and possibly the rab- 
bit. Animals not susceptible are the horse, 
pig, guinea pig, chicken, canary and pigeon. 
Mice are particularly susceptible to the 
virus, death occurring usually within two 
or three days after inoculation. These ani- 
mals are susceptible to the virus given by 
all routes of inoculation; intracerebral in- 
oculation produces a disease in all respects 
like that produced by subcutaneous inocu- 
lation. Mackenzie and Findlay (1936) and 
Mackenzie, Findlay and Stern (1936) pro- 
duced a neurotropic strain by inoculating 
mice intracerebrally immediately after an 
intraperitoneal injection of immune serum. 
By serial passage in such passively im- 
munized animals, the virus lost to a con- 
siderable extent its viscerotropic affinities, 
so that it no longer produced death due to 
liver lesions when inoculated subcutane- 
ously. Inoculated intracerebrally, this modi- 
fied virus produced a fatal meningoencepha- 
litis in mice and monkeys. On subcutaneous 
inoculation into adult sheep, the neuro- 
tropic virus caused no reaction. The ani- 
mals, however, developed antibodies and 
were resistant to an inoculation of un- 
modified virus, It is interesting to note 
that in lambs less than four weeks of age 
the subcutaneous inoculation of the neuro- 
tropic virus produced a fatal encephalitis. 
That no attenuation occurs for man by the 


EPIDEMIOLOGY 


prolonged passage in mice is shown by the 
accidental infection of a worker with virus 
~which had undergone at least 300 passages 
in these animals (Sabin and Blumberg, 
1947). 


Kk TIOLOGY 

The virus is filterable through Berkefeld 
filters V, N, and W candles, and through 
Chamberland bougies even up to Ls size. 
Its size as determined by filtration through 
gradacol membranes is 23 to 35 mu. In 
blood, the thermal death point is 56° C. for 
40 minutes, It is inactivated within 40 min- 
utes by methylene blue in the presence of 
light. Rift Valley fever virus retains its ac- 
tivity in glycerol for at least 8 months when 
stored at 4° C. It may be readily preserved 
by lyophilization. The virus has been culti- 
vated in a tissue-culture medium consisting 
of minced chick embryo in Tyrode's solu- 
tion. It can be readily propagated in the 
developing chick embryo. Complement- 
fixing and neutralizing antibodies are de- 
veloped in both man and animals following 
recovery from the infection. 


DIAGNOSIS 


Presumptive diagnosis of Rift Valley 
fever is made in individuals suffering from 
a denguelike fever following contact with 
the virus in the laboratory or with naturally 
infected animals. A positive diagnosis is 
made by isolation of virus from blood; this 
is most readily achieved by the inoculation 
of mice. The virus isolated in this way is 
identified by typical lesions produced in 
the liver and by being neutralized by a 
Rift Valley fever immune serum. Virus is 
present in the blood of human beings dur- 
ing the first three days of the disease. In 
convalescence, the diagnosis can be made 
by demonstrating the development of spe- 
cific neutralizing antibodies. For this pur- 
pose, the serum to be tested is mixed with 
an equal quantity of a virus preparation 
known to be lethal for mice, and 0.2 cc. of 
the mixture is inoculated intraperitoneally 
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Into mice. Control mice are inoculated with 
a mixture containin 


2 normal 
virus. If serum being 


serum and 
tested is free from 
protective antibodies, the inoculated mice 
die within two or three days. Survival of 
the mice indicates that the serum contains 
specific protective antibodies. Neutralizing 
antibodies have been demonstrated as early 
as four days after onset and as long as 
12 years after recovery (Sabin and Blum- 
berg, 1947). 


PREATMENT 


This is entirely symptomatic, as there is 
no specific treatment. 


EPIDEMIOLOGY 

The naturally acquired disease has only 
been reported from Africa. Evidence has 
been obtained that the infection, first de- 
scribed from Kenya, is fairly widespread 
in tropical Africa, including Uganda, Anglo- 
Egyptian Sudan, French Sudan, and French 
Equatorial Africa. The disease is not con- 
tagious. Infected animals can be kept in 
contact with normal without cross 
infection taking place. Daubney, Hudson 
and Garnham (1931) that, 
in an infected region, sheep can be pro- 


ones 


have shown 
tected by screening at night. From this, it 
may be concluded that the disease is trans- 
mitted by a bloodsucking insect active at 
night. The cessation of an epidemic in a 
herd removed to the highlands is likewise 
evidence in favor of insect transmission. 
The virus has been shown to survive for 
several days in a variety of mosquitoes. In 
studies in the Bwamba forest conducted by 
the Yellow Fever Research Institute in 
Uganda, the virus of Rift Valley fever was 
isolated on several from wild- 
caught mosquitoes belonging to the species 
Eretmopodites chrysogaster. It is apparent 
that very little definitive information is 
available concerning the epidemiology of 
the disease. It is probable that domestic 
animals are infected by some bloodsucking 
arthropod. Man as a rule seems to become 
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secondarily infected during the course of 
an epizootic. The finding of the virus in 
wild-caught mosquitoes of the Bwamba 
forest is highly suggestive of some virus 
cycle in wild animals. How human beings 
are infected in the laboratory is also un- 
known. 


RIFT VALLEY FEVER 


CONTROL MEASURES 


Due to the numerous accidental labora- 
tory infections, extreme precautions should 
be taken by all those working with the 
virus. There is no specific means of pre- 
vention at present. Arthropod abatement or 
eradication is perhaps indicated. 
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Dengue 


(SyNonyMs: Break-bone fever, dandy fever, denguero, bouquet 
fever, giraffe fever, polka fever, five-day fever, seven-day fever ) 


INTRODUCTION 


Dengue is an infectious, mosquito-trans- 
mitted disease of virus etiology, character- 
ized by fever, pain in various parts of the 
body, prostration, rash, lymphadenopathy 
and leukopenia. 


HISTORY 


David Bylon is credited with the first 
description of an epidemic of this disease, 
which he called “joint fever,” in Batavia, 
Java, in 1779 (Pepper, 1941). In 1780, 
Benjamin Rush described an epidemic in 
Philadelphia, Pennsylvania, under the name 
of “bilious remitting fever.” During the 
19th century, innumerable reports appeared 
of epidemics in subtropical and _ tropical 
regions throughout the world, and the name 
dengue was accepted for standard usage by 
the Royal College of Physicians of London 
in 1869 (Doerr, 1930). Some of the largest 
epidemics in history have occurred in the 
United States, Australia, Greece and Japan 
since 1920. Chandler and Rice (1923) esti- 
mated that between 500,000 and 600,000 
cases occurred in Texas during the 1922 
epidemic and Siler (1935) stated that it 
was estimated that between one and two 
million people had dengue in the southern 
states that were affected at that time. The 


Queensland-New South Wales epidemic of 
1925-1926 attacked approximately 560,000 
persons (McCallum and Dwyer, 1927), and 
another epidemic occurred during 1942 
(Lumley and Taylor, 1943). During the 
1927-1928 epidemic in Greece, the total 
number of cases probably exceeded a mil- 
lion, and Copanaris (1928) reported that 
80 to 90 per cent of the populations of 
Athens and Piraeus had dengue in 1928. 
During the years of 1942 to 1945, the main 
ports of Japan had large, yearly epidemics 
of dengue with an estimated number of 
cases of from one to two million, the city 
of Osaka alone having one-third to one-half 
of its population attacked in 1944 (Sabin, 
1946). Although only 84,090 cases of 
dengue were officially reported during the 
war years in U. S. Army personnel, the 
total number of cases was undoubtedly 
much larger. 

Bancroft (1906) published the first evi- 
dence of the fact that Aedes aegypti mos- 
quitoes are vectors of the disease which 
was conclusively established by Cleland, 
Bradley and McDonald (1916, 1919), Siler, 
Hall and Hitchens (1926), and Simmons, 
St. John and Reynolds (1931); the latter 
authors also proved that Aedes albopictus 
is a true vector. Ashburn and Craig (1907) 
provided the first evidence that the etilogic 
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agent of dengue is filterable and _ ultra- 
microscopic. The demonstration that dengue 
virus can produce inapparent infection in 
certain species of monkeys (Blanc, Cami- 
nopetros, Dumas and Saenz, 1929; Sim- 
mons, St. John and Reynolds, 1931), led to 
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(Sabin, 1944), the adaptation of the virus 
to mice and its subsequent mutation per- 
mitting the development of an effective 
vaccine against dengue, and the develop- 
ment of a neutralization test in mice (Sabin 
and Schlesinger, 1945) leading to new 
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Cuart 23. Graphic representation of temperature and pulse 
rate of a human volunteer inoculated experimentally with the 


Hawaiian strain of dengue virus 


by means of the bites of eight 


infected Aedes aegypti mosquitoes ; arrow indicates day on which 
the patient was bitten. Time of appearance of rash is also indi- 
cated, as well as total and differential blood counts. 


the accumulation of evidence indicating that 
certain monkeys may be infected in nature, 
that the infection can be transmitted by 
mosquitoes from monkey to monkey as 
well as from monkey to man, and that 
monkeys may constitute one of the links 
in the chain of events which perpetuate 
the virus in nature (Simmons, St. John and 
Reynolds, 1931). During World War II, 
extensive studies resulted in the demonstra- 
tion of the very small size and other im- 
portant properties of the virus including the 
existence of multiple immunologic types 


studies on specific diagnosis, antigenic pat- 
tern of the various types of virus and their 


role in different epidemics in different parts 
of the world. 


CLINICAL PICTURE 


The clinical manifestations presented are 
those which have been seen in natural cases 
of the disease and in several hundred 
human volunteers. The usual incubation 
period is from five to eight days, although 
it may vary from 2.5 to 15 days, depending 
on the amount of virus introduced. Pro- 


CLINICAL 


dromal symptoms of headache, backache, 
fatigue, stiffness, anorexia, chilliness, ma- 
laise and occasionally rash may make their 
appearance 6 to 12 hours before the first 
rise in temperature. In perhaps 50 per cent 
of the patients the onset is sudden with a 
sharp rise in temperature associated with 
severe headache, pain behind the eyes, back- 
ache, pain in the muscles and joints, chilli- 
ness and rarely a shaking chill, In typical 
cases, the fever (Chart 23) persists for five 
or six days and usually terminates by crisis. 
The temperature rarely exceeds 105° F., 
only occasionally returns to normal during 
the middle of the febrile period to give rise 
to the saddleback or diphasic type of curve, 
and quite frequently reaches its highest 
level during the last 24 hours of the febrile 
period. Salicylates affect the fever in dengue 
and may give rise to very bizarre, spiking 
temperature curves. The pulse rate (Chart 
23) may at first rise proportionately to the 
temperature, but after the first day or two 
there is usually a relative bradycardia; an 
absolute bradycardia may occur during con- 
valescence. Anorexia and constipation are 
common during the entire illness. Epigastric 
discomfort and colicky pain with abnormal 
tenderness may be seen. Altered taste sen- 
sations constitute a very common symptom 
early in the disease. The patient may be- 
come so weak and dizzy that he collapses 
when he tries to get out of bed. Photophobia, 
drenching sweats, sore throat, cough, 
epistaxis, dysuria, hyperesthesia of the 
skin, pain in the groin and testicles, de- 
lirium are some of the other manifestations 
occasionally encountered. A flushed appear- 
ance of the face, neck and chest, and a 
punctiform rash, especially over points of 
friction as at the back of the elbows and 
front of the knees, may be seen early in the 
disease. The bulbar and the palpebral con- 
junctivae may be injected; the eyes are 
tender to pressure and painful on move- 
ment. Lymph nodes are frequently en- 
larged, but rarely the spleen. Although there 
may occasionally be sufficient edema about 
the fingers to interfere with closure of the 
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hand, large joints present no abnormalities 
even when there is a great deal of sub- 


jective pain. Nuchal rigidity is absent even 
when the patient complains of a stiff neck. 

The rash may be maculopapular_ or 
scarlatiniform, commonly appears on the 
third to fifth day and rarely lasts more than 
three or four days. It is usually first seen on 
the chest, trunk and abdomen, and spreads 
to the extremities and face. The incidence 
of this rash varies in different epidemics and 
also in the experimental disease caused by 
different strains of virus. Although itching, 
especially of the palms and soles, is very 
common, desquammation occurs only rarely. 
Another type of eruption, occurring on the 
last day of fever or shortly after defer- 
vescence and consisting of very small 
petechiae over the dorsum of the feet and 
legs, occasionally in the axillae, over the 
dorsum of the wrists, hands and fingers, 
and on the buccal mucosa and hard and 
soft palates, has been observed in the 
majority of human volunteers inoculated 
with the Hawaii strain of virus (Sabin, 
1944) and in 20 per cent the 
among American Naval personnel on a 
South Pacific island (Stewart, 1944). This 
petechial eruption, unlike the — earlier 
maculopapular or scarlatiniform rash, does 


of cases 


not blanch on pressure and fades after one 
to three days, leaving a transitory brownish 
discoloration. 

Changes in the leukocytes (Chart 23) 
are not characteristic for dengue, being 
found in certain other diseases associated 
with leukopenia. During the first 24 hours 
the total number of white cells may be 
normal, but the lymphocytes show an abso- 
lute and relative decrease, while the num- 
ber of neutrophiles is increased by the ap- 
pearance of immature forms. As the disease 
progresses, the total number of leukocytes 
drops, sometimes to as low as 1,500 cells 
per c.mm. The drop is due to a marked 
diminution in the neutrophiles. The lym- 
phocytes begin to increase in number as 
the neutrophiles diminish, and toward the 
end of the febrile period and early in con- 
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valescence frequently constitute the major 
portion of the circulating leukocytes. The 
blood picture, as a rule, returns to normal 
within a week after defervescence. The 
urine is normal in most cases. The cere- 
brospinal fluid has been found to be normal 
in large numbers of patients with dengue, 
and reports to the contrary cannot be ac- 
cepted without evidence for the correctness 
of the diagnosis. 

The description given above applies to 
typical cases, but there is evidence, viz., 
recovery of virus from patients, that mild 
febrile illness of from one to three days’ 
duration without rash may be dengue 
(Sabin, 1944). Experimental studies on 
human volunteers have shown that. rein- 
fection with a different immunologic type 
of virus two to three months after a pri- 
mary attack may give rise to malaise and 
slight fever for less than 24 hours, and 
mosquitoes feeding on such patients ac- 
quire the capacity to transmit the infec- 
tion; furthermore, as the group immunity 
wears off, infection with a heterologous 
type of virus has been found frequently to 
cause febrile illnesses of two and_ three 
days’ duration without rash (Sabin, 1944). 
Since more than one immunologic type of 
virus has been recovered from the same 
region at the same time (Sabin, 1944), 
reinfection with heterologous types of virus 
may be one of the causes for many of the 
atypical forms of the disease encountered 
during certain epidemics, 

Convalescence from severe attacks may 
take several weeks and is characterized by 
marked asthenia. Occasionally, during con- 
valescence a disturbance of vision due to 
accommodative weakness or paralysis of the 
ciliary muscle may occur and persist for 
from one to four weeks. Although there 
is doubt as to whether dengue can be a 
primary cause of death, it has been so re- 
ported during some of the large epidemics 
in Australia and Greece, and McCallum 
and Dwyer (1927) have estimated the case 
fatality rate to be 3 per 10,000. 


DENGUE 


PATHOLOGIC PICTURE 


Goldsmid (1917), Photakis (1929), Ca- 
tsaris (1931) and Melissinos (1937) have 
reported on fatal cases of what they be- 
lieved to be uncomplicated dengue, and 
described degenerative changes in the liver, 
kidneys, heart or brain, and hemorrhagic 
manifestations of varying extent in the en- 
docardium, pericardium, pleura, perito- 
neum, mucosa of the stomach and intestines, 
muscles, skin and central nervous system. 
Local skin lesions caused by the intra- 
cutaneous injection of dengue virus, the 
maculopapular eruption and__petechial 
eruption in human volunteers were studied 
by biopsy (Sabin, 1945). The epithelium 
was not involved and no inclusion bodies 
were found. The chief abnormality occurred 
in and about small blood vessels and con- 
sisted of endothelial swelling, perivascular 
edema and infiltration with mononuclear 
cells. In the petechial lesions extensive 
extravasation of blood, without appreciable 
inflammatory reaction, was observed. 


EXPERIMENTAL INFECTION : 
HOST RANGE 


Intracutaneous injection of 0.1 cc. to 
0.2 cc. of human serum containing ten or 
more minimal human _ infective doses 
(M.I.D.) of dengue virus, is followed after 
an interval of from three to five days by 
local edema and erythema, 1 to 4 cm, in 
diameter, and this lesion has been shown 
to be due to local multiplication of the 
virus (Sabin, 1944). Serum obtained from 
experimentally infected persons within 24 
hours after the first rise of temperature was 
found to contain a million human M.I.D. 
of virus per cc. (Sabin, 1944). Ten M.LD. 
injected intracutaneously produced as 
severe an infection as did 1 million M.L.D. 
Amounts of virus in the range of one 
M.I.D. produced: (1) typical attacks of 
dengue; (2) mild, short attacks without 
tash followed by complete immunity; or 
(3) no evidence of infection except a par: 
tial immunity. Undiluted infectious serum 
rubbed on scarified skin produced unmodi- 
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fied dengue. Nasal instillation of 1 million 
or 100,000 M.I.D. resulted in a very mild 
disease in some human volunteers, while 
others suffered from a typical, unmodified 
attack. Nasal instillation of 10,000 M.I.D 
produced neither disease nor immunity. In- 
stillation of 200,000 M.I.D. into the con- 
junctival sac produced typical dengue in 
one volunteer, while 10,000 M.I.D. pro- 
duced neither disease nor immunity in 
another (Sabin, 1945). 

Inapparent infection with dengue virus 
occurs in the following species of monkeys: 
Cynomolgus fascicularis and Cercopithecus 
callitrichus (Blanc et al., 1929), Macacus 
fuscatus and Macacus philippinensis (Sim- 
mons et al., 1931), and Macacus rhesus 
(Findlay, 1932; Sabin and Theiler, 1944). 
Dogs, young hogs, rabbits, guinea pigs, 
white mice, white rats, hamsters and cotton 
rats inoculated with human dengue blood 
have shown no signs of infection. Tests for 
inapparent infection in dogs, rabbits (Blanc 
and Caminopetros, 1930), young hogs 
(Siler, Hall and Hitchens, 1926), and gui- 
nea pigs (Simmons et al., 1931; Sabin, 
1944) have been negative. 

Several strains of dengue virus have now 
been adapted to mice (Sabin and Schlesin- 
ger, 1945; Hotta and Kimura in Japan re- 
ported by Sabin, 1946) and maintained in 
serial passage by the intracerebral route. In 
the early passages a small and varying pro- 
portion of the inoculated mice show clinical 
evidence of the infection after incubation 
periods which vary from 5 to 35 days. The 
mice exhibit motor weakness, flaccid paral- 
ysis of one or more extremities with or 
without signs of encephalitis. The intra- 
cerebral titer may be no more than 107? to 
10-2 after the first 10 to 15 passages and 
10+ to 10° after the first forty passages ; 
there is evidence, however, that further 
serial passages may produce higher titers. 
Histologic examination of the brain and 
spinal cord of affected mice indicates that 
the primary attack is on the neurons. By the 
use of virus that has had only 40 to 50 in- 
tracerebral passages, it has not been possible 
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to infect 14-day-old mice by the intraperito- 
neal route. In the early passages, only 
young mice were found suitable for intra- 
cerebral passages, but after thorough adap- 
tation of the virus old mice could be used. 
Adaptation of some strains of the virus was 
possible when one genetic type of mice 
(dba) was used but not another (Webster 
Swiss), although after thorough adaptation 
similar titers were obtained in both types 
(Sabin and Schlesinger, 1946). The mouse- 
adapted dengue viruses tested thus far are 
not pathogenic for rabbits, guinea pigs, 
young cotton rats and hamsters. Rhesus 
monkeys, on the other hand, inoculated in- 
tracerebrally with mouse-adapted dengue 
virus not only develop neutralizing anti- 
bodies but may also exhibit fever. 
Adaptation of the virus to mice resulted 
in a change in its pathogenic properties for 
man. Beginning with the seventh passage 
in mice, the virus had lost its capacity to 
produce in human beings severe illness and 
protracted fever characteristic of the natu- 
ral disease, but retained the capacity to 
produce a rash and solid immunity to un- 
modified virus. Blood taken from such per- 
sons at the time the rash first appears and 
inoculated into susceptible human volun- 
teers causes only the modified disease. Fur- 
thermore, Aedes aegypti mosquitoes feeding 
on people inoculated with the tenth-mouse- 
passage virus acquired the capacity to 
transmit the infection but only in the modi- 
fied form. Extensive tests carried out on 
people inoculated with the fifteenth-mouse- 
passage virus indicated that several lots of 
Aedes aegypti mosquitoes, which had fed 
daily on the experimental subjects for a 
period of 14 days after inoculation, were 
unable to transmit the infection even after 
prolonged extrinsic incubation periods. At 
a time when the intracerebral titer in mice 
was only 10%, the centrifuged, physiologic 
salt solution extract from a single mouse 
brain contained at least 10,000 human im- 
munizing doses. Thirty-three human volun- 
teers inoculated with varying quantities of 
the mouse-adapted dengue virus were sub- 
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sequently found to be completely immune 
to unmodified virus transmitted either by 
infected mosquitoes or by the inoculation of 
large doses of highly infectious human 
serum. 


ETIOLOGY 


The diameter of the virus, as determined 
by filtration of highly infectious human 
serum through gradocol membranes, was 
found to be from 17 to 25 millimicrons 
(Sabin, 1944), but it may be somewhat 
smaller since the filtrate through the limit- 
ing (SO mu) membrane produced partial 
immunity although it failed to produce 
obvious infection. The virus can be sedi- 
mented from human serum by centrifuga- 
tion at 24,000 r.p.m. for 90 minutes in an 
eight-inch rotor of a vacuum ultracentri- 
fuge. Examination with the electron micro- 
scope of preparations, purified by differ- 
ential centrifugation, from highly infectious 
human dengue serum revealed dumbbell- 
shaped structures (700 mu x 20-40 mt) 
which were not found in preparations from 
normal human serum, but the relationship 
of these structures to dengue virus has not 
been established (Sabin, Schlesinger and 
Stanley, 1945). The virus can be preserved 
in the frozen state at —70° C., and also for 
several years after suitable lyophilization. 
Human blood has been found to be in- 
fectious after storage in an ordinary re- 
frigerator for several weeks. The virus in 
human serum or in mosquito suspensions is 
inactivated by ultraviolet light or by 0.05 
per cent formalin, but when so inactivated 
it failed to produce immunity. Although 
successful cultivation of dengue virus on 
the chorio-allantoic membrane of the de- 
veloping chick has been claimed, the claims 
have either not been substantiated by 
human tests (Shortt et al., 1936), or the 
human tests which were carried out yielded 
no conclusive evidence that the cultured 
material was dengue virus (Kimura et al., 
1944). Numerous attempts to propagate a 
variety of strains of the unmodified virus 
in embryonated eggs inoculated by various 
routes, or in tissue cultures containing 
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minced chick embryo, minced mouse em- 
bryo, or human leukocytes yielded nega- 
tive results as judged by tests for virus in 
susceptible human beings (Sabin and 
Schlesinger, 1944). However, after 16 or 18 
intracerebral passages in mice, it proved 
possible to propagate the virus in em- 
bryonated eggs when five-day embryos were 
used for inoculation and a period of from 
eight to ten days at 35° C. for incubation 
(Schlesinger and Sabin, 1945). 

The existence of multiple immunologic 
types of virus was established by cross- 
immunity tests and dermal neutralization 
tests with convalescent sera carried out 
in human volunteers (Sabin, 1944), and 
by intracerebral neutralization tests with 
human convalescent sera in mice (Sabin 
and Schlesinger, 1945). Among ten different 
strains of virus recovered from cases in 
Hawaii, New Guinea, India and Japan, five 
(at least one from each of the areas) have 
been found immunologically identical, while 
the remaining five appear to fall into at 
least two additional immunologic types. 
Although a good deal more work needs to be 
done on the antigenic pattern of the differ- 
ent types, the available evidence indicates 
that they have at least one common antigen. 
This group immunity is apparently respon- 
sible for the resistance to reinfection by 
heterologous types for a period of at least 
two months and for the partial immunity 
demonstrable for as long as eight months, 
Which has been observed in studies on 
human volunteers (Sabin, 1944), Immunity 
to reinfection with the same type of virus 
has been found two years after an experi- 
mental attack in persons living in non- 
dengue areas, which precludes the possi- 
bility of unrecognized reinforcement of the 
immunity and Suggests that it may persist 
even longer. Neutralizing antibodies for the 
homologous type of virus have been found 
in human beings infected by the Hawaii 
Strain as early as a week after the onset of 
illness and as late as two years. Convales- 
cents from infection with the other types 
of virus, even during the periods when they 
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have complete or partial active immunity 
to the Hawaii type, as a rule have no 
significant amounts of neutralizing anti- 
bodies for the Hawaii type. The Hawaii 
type of virus, on the other hand, stimulates 
the formation in human beings of anti- 
bodies of high titer, which are effective not 
only against itself but also against the 
heterologous types of dengue virus studied 
thus far. There is no cross immunity be- 
tween dengue and phlebotomus fever, yel- 
low fever, or Rift Valley fever. How- 
ever, an interference phenomenon between 
dengue and yellow fever has been demon- 
strated in human beings, rhesus monkeys 
and to a certain extent in Aedes aegypti 
mosquitoes (Sabin and Theiler, 1944). 


DIAGNOSIS 


Dengue should be suspected when a dis- 
ease, having the characteristics mentioned, 
occurs in persons living in or having re- 
cently arrived from areas where specific 
mosquito vectors are prevalent. Diagnosis 
is difficult in sporadic, atypical and primary 
cases, but is relatively easy during an epi- 
demic. There are as yet no simple laboratory 
procedures for the diagnosis of dengue. To 
obtain strains of virus, blood should be col- 
lected, preferably within 24 or 48 hours 
after onset, and if it cannot be used or 
frozen immediately in a box containing 
solid CO., the serum should be stored in 
an ordinary refrigerator for not more than 
two weeks. The laborious procedure of 
adaptation to mice may be tried, but pas- 
sage in human volunteers may be necessary. 
A strain of dengue virus can be considered 
as having been recovered from human 
beings when the characteristic features of 
the disease have been reproduced by it in 
man after an appropriate incubation period 
and when transmission of it by Aedes 
aegypti mosquitoes, following a suitable ex- 
trinsic incubation period, has been accom- 
plished. Such a virus must be considered as 
belonging to the dengue group, until proved 
otherwise, even when cross-immunity tests 
with known strains of dengue virus are neg- 
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ative. A virus recovered by adaptation to 
mice can be identified by its limited host 
range, neutralization by sera containing only 
specific dengue antibodies obtained from 
rhesus monkeys or by hyperimmunization 
of rabbits. 

In order to prove by serologic methods 
that a given infection was caused by dengue 
virus it is necessary to demonstrate that 
antibodies were either absent or present in 
low concentration during the acute phase 
of the illness and developed or increased in 
amount during convalescence. It must be 
remembered that the large amount of virus 
in the serum collected during the first 24 
hours after onset has been shown to exert 
a protective effect against the mouse- 
adapted virus which is due to an interfer- 
ence phenomenon and not to neutralizing 
antibodies (Schlesinger and Sabin, 1946). 
Both the interfering agent (virus) and the 
neutralizing antibody are destroyed by 
heating at 56° C. for 30 minutes. However, 
while incubation for two hours at 37° C. 
is necessary for the optimum demonstration 
of dengue neutralizing antibody by intra- 
cerebral incubation is 
necessary for the demonstration of the inter- 


tests in mice, no 
ference phenomenon. Since dengue neutral- 
izing antibodies have not been found in 
people living in areas free from the disease, 
the presence of antibodies after an 
attack of a denguelike illness in people, 
who have either recently moved into den- 
gue-endemic areas or found themselves in 
the midst of an imported epidemic, may 
constitute presumptive evidence of infec- 


such 


tion. 
TREATMENT 
There is no specific therapy. 


EPIDEMIOLOGY 


The most important facts in the ept- 
demiology of the disease are that the virus 
is transmitted only by certain species of 
Aedes mosquitoes, and that human beings, 
certain species of monkeys in some regions, 
and mosquitoes constitute the cycle of in- 
fection by which the virus is perpetuated 
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in nature. Aedes aegypti Linn., Aedes al- 
bopictus (Skuse) and Aedes  scutellaris 
(MacKerris quoted by Fairley, 1945), 
are the only proved vectors of the virus. 
Armigeres obturbans has been claimed as a 
vector (Koizumi et al., 1917), but, because 
the experiments were carried out in For- 
mosa at a time when dengue was occurring, 
judgment is suspended. Culex fatigans 
(quinquefasciatus) has been shown to be 
incapable of acting as a true vector, and 
recent studies in the United States (Sabin 
and Jahnes, 1944) have shown that the 
following mosquitoes did not transmit the 
infection under conditions which permitted 
Aedes aegypti to act as an effective vector: 
Aedes vexans, Aedes solicitans, Aedes 
taentorhynchus, Aedes cantator, Ano pheles 
punctipennis, Anoph. quadrimaculatus and 
Culex pipiens. Aedes aegypti mosquitoes 
can acquire the infection from patients 6 
to 18 hours before and for at least three 
days after the onset (Siler et al., 1926), A 
minimum extrinsic incubation period of 
eight days, more usually 11 to 14 days, is 
required after an infective blood meal before 
the mosquitoes can transmit the infection, 
and under suitable conditions of tempera- 
ture they can function as effective vectors 
for the rest of their lives which may vary 
from one to three months or more. Blanc 
and Caminopetros (1930) have shown that 
Aedes aegypti may remain infective for at 
least 174 days. Very small numbers of 
mosquitoes suffice to transmit the infection, 
the experimental disease having been pro- 
duced by the bite of one (Simmons et al., 
1931) or two mosquitoes (Siler et al., 
1926). Results of experiments (Siler et al., 
1931) indicate that the virus is not carried 
from infected mosquitoes to succeeding 
generations through the eggs, nor has it 
been possible to obtain infected mosquitoes 
by leaving larvae in human serum contain- 
ing 1,000,000 M.L.D. of virus per cc. (Sabin, 
1944). It is clear, therefore, that the disease 
is most likely to persist in those areas 
where the conditions are favorable for the 
survival of mosquitoes throughout the year, 
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and for this reason Rogers and Megaw 
(1942) suggested that countries near the 
equator are probably the permanent reser- 
voir of dengue. The newborn human popu- 
lation in these equatorial regions may be 
enough to keep the cycle of infection going 
from year to year. Although Aedes aegypti 
is strictly domestic in its habits, Aedes 
albopictus and Aedes scutellaris can exist 
in the bush or jungle and by keeping the 
infection going among susceptible monkeys 
(Simmons et al., 1931) can give rise to a 
type of jungle dengue which may be as im- 
portant in the epidemiology of human 
dengue as jungle yellow fever is in the epi- 
demiology of human yellow fever. 


CONTROL MEASURES 


To prevent the recurrence of epidemics, 
it is necessary to maintain a constant vigil 
against the breeding of Aedes aegypti mos- 
quitoes. In regions like Hawaii where, in 
addition to Aedes aegypti, Aedes albopictus 
mosquitoes multiply unchecked outside of 
cities, the control of mosquito breeding 
presents an especially difficult problem, It 
takes fewer mosquitoes to keep a dengue 
epidemic going than are required for the 
continued dissemination of yellow fever 
(Hanson, 1936). Antimosquito measures on 
airplanes and ships contribute to preven- 
tion but they cannot keep out a person 
who may be in the incubation period of 
dengue. In the face of an epidemic, indi- 
vidual measures directed against mosquito 
breeding in all sorts of containers in the 
immediate vicinity of homes, offices and 
factories, as well as the judicious use of 
DDT residual spray inside these buildings 
must receive the greatest attention, while 
mass spraying from airplanes may be use- 
ful in the attack on Aedes albopictus breed- 
ing in the outskirts of the human commu- 
nity. Dengue vaccine has ben found to be 
Stable, safe and effective in studies on 
human volunteers (Sabin and Schlesinger, 
1945), and it is possible that it may prove 
to be useful in the control of epidemics and 
for troops or those who have to move from 
nondengue areas into endemic zones, 
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Phlebotomus Fever 


(Synonyms: Sandfly fever, pappataci fever, three-day fever ) 


INTRODUCTION 


Phlebotomus fever is a self-limited, non- 
fatal, phlebotomus-transmitted illness of 
virus etiology, characterized by fever, se- 
vere headache, pain in the eyes, conjunc- 
tival injection, malaise and leukopenia. The 
term sandfly fever, popularly used among 
English speaking people, has not been ac- 
cepted in international scientific literature 
because biting insects belonging to the 
genus Culicoides, and having no relation to 
the disease under discussion, are also called 
sandflies. Pappataci fever, the popular name 
for the disease in Italy and the Balkans, 
has also failed to find general acceptance. 
The name phlebotomus fever, first sug- 
gested by Newstead (1911) and stressing 
the most important fact about the disease, 
namely, its specific relationship to the in- 
sects of the genus Phlebotomus, has been 
used by many writers and seems to be the 
most appropriate for international usage. 


HISTORY 


Although Pick (1886) is generally cred- 
ited with the first description of the disease 
as a Clinical entity under the name of Hunds- 
krankheit (dog disease—apparently because 
the conjunctival injection was so striking 
that the eyes resembled those of a blood- 


hound), Birt (1913) and Whittingham 


(1924) call attention to Sir William Bur- 
nett’s account of Mediterranean fever dur- 
ing the Napoleonic wars in 1799, Pym’s 
description of Bulam fever in Gibraltar in 
1804, and the reports of other British mili- 
tary surgeons during the early nineteenth 
century on Malta summer febricula as ac- 
curate clinical descriptons of the disease. 
Taussig’s (1905) epidemiologic observa- 
tions in the Adriatic region provided sup- 
port for the popular belief that there was a 
connection between the midges known as 
the pappataci flies (Phlebotomus papatasi, 
Scopoli) and the disease from which newly- 
arrived Austrian troops suffered each sum- 
mer, and led to the classic experiments of 
the Austrian military commission consisting 
of Doerr, Franz and Taussig (1909). By 
appropriate tests on human volunteers liv- 
ing in areas free from the disease, the com- 
mission proved that the etiology was an 
ultramicroscopic, filterable agent present in 
the blood of patients on the first day of the 
fever, and that Phlebotomus papatasi was 
the vector. Being a constant problem to for- 
eign troops stationed in endemic areas, the 
disease has been the subject of study by 
several British military commissions (Whit- 
tingham and Rook, 1923; Young, Rich- 
mond and Brendish, 1926; Shortt, Poole 
and Stephens, 1935) and during World War 


454 


CLINICAL 


II for the first time by American investi- 
gators (Sabin, Philip and Paul, 1944; Sabin, 


1943-1945; Hertig and Fisher, 1945), 
CLINICAL PICTURE 


Since there is as yet no specific diagnostic 
test for the individual case of phlebotomus 
fever, observations on more than 100 cases 
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each of 50 hours, seven days and nine days, 
have been seen; following intravenous in- 
oculation, however, incubation periods of 42 
to 44 hours are The onset of the 
disease is sudden in the majority of cases. 
In some may be 


characterized by 


Common, 


there a prodromal period 


malaise, giddiness, con- 
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Cuartr 24. Graphic representation of temperature, 


pulse rate 


and blood picture of a human volunteer experimentally inoculated 


with the virus of phlebotomus fever ; 


inoculation. 


of the experimental disease in human beings 
produced with different strains of virus con- 
stitute the best basis for a description of 
the clinical manifestations of the malady. 
The incubation period of three or four days 
in the average case may vary from 2.5 to 6 
days; exceptional incubation periods, one 


arrow indicates time of 


lowing signs and symptoms may be en- 
countered at the onset or sometime during 
however, some of 


otherwise 


the course of the disease ; 
them are frequently absent in 
typical cases: frontal headache, 
sensation or pain in photophobia, 
backache, stiffness in neck and bac 


burning 
eyes, 
k, pains 
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in joints and extremities, anorexia, nausea, 
vomiting, abdominal distress, alteration or 
loss of taste, constipation during the first 
few days and diarrhea during convales- 
cence, sore throat, epistaxis, chills or chilli- 
ness, profuse sweating, giddiness and weak- 
ness, especially during convalescence. 

The temperature usually reaches its peak, 
not over 104.5° F., within 24 or 48 hours 
after onset, and the febrile period in 85 per 
cent of the cases is two, three or four days 
(Chart 24). Fevers of less than one day’s 
duration and of five to nine days’ duration 
may occur. The pulse rate (Chart 24) is 
usually elevated in proportion to the fever 
on the first day of the disease, and there- 
after returns to normal more rapidly than 
does the temperature. A bradycardia may 
be present at the end of the febrile period 
and during convalescence. Other physical 
findings are limited to an erythema of the 
face and exposed parts of the neck and 
chest, conjunctival injection which is oc- 
casionally limited to the exposed portion of 
the ocular conjunctiva (Pick’s sign), tender- 
ness of the eyeballs, and congestion of 
the fauces, soft palate and posterior 
pharyngeal wall. Rhinitis, tracheobron- 
chitis, lymphadenopathy, and enlargement 
of the liver and spleen are not a part of the 
disease. Urticaria or erythema multiforme 
may occasionally be encountered, but a true 
rash as seen in dengue does not occur. 

Changes in the leukocytes are no differ- 
ent from those seen in dengue, infectious 
hepatitis and certain other infections 
with leukopenia. The characteristic finding 
(Chart 24) on the first day of the fever 
is a total count within normal limits, a 
relative and absolute decrease in the 
lymphocytes accompanied by a relative and 
sometimes absolute increase in the neutro- 
philes which is due to an increase in im- 
mature cells. During the second or third 
day of fever, the number of lymphocytes 
begins to return to normal and for a few 
days thereafter may constitute from 40 to 
65 per cent of the total count. At the same 
time, the number of neutrophiles begins to 
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drop, and the immature cells increase to a 
point at which they usually outnumber the 
segmented cells. The greatest drop in the 
total number of leukocytes may not occur 
until the end of the febrile period or after 
defervescence, but the marked shift to the 
left in the neutrophiles and changes in the 
proportions of different types of cell at 
various stages of the disease are more im- 
portant for diagnosis than is a single total 
leukocyte count. The urine is normal. The 
cephalin-cholesterol flocculation and phos- 
phatase tests for hepatic damage are nega- 
tive. The cerebrospinal fluid is normal in 
experimental cases, and there is no evidence 
that the pleocytosis reported in some out- 
breaks (Fleming et al., 1947) can be caused 
by the virus of phlebotomus fever. 

The duration of convalescence varies 
with the individual and the climate: 
marked uncontrollable, transitory mental 
depression is occasionally encountered. Re- 
currences of the fever and symptoms dur- 
ing convalescence from the naturally ac- 
quired disease have been reported by several 
investigators and have also been observed 
from five to seven days after the initial 
defervescence among 5 per cent of the ex- 
perimentally inoculated volunteers (Sabin 
et al., 1944), 


PATHOLOGIC PICTURE 


There have been no fatalities among 
thousands of uncomplicated cases, and 
nothing is known of the pathologic changes 
produced by the virus. 


EXPERIMENTAL INFECTION : 
HOST RANGE 


Thus far, human beings constitute the 
only known vertebrate host for the virus. 
No evidence of pathogenicity has been ob- 
tained with virus of proved infectivity for 
human beings after inoculation in the fol- 
lowing lower animals by the intracerebral, 
intracutaneous, subcutaneous, intratesticu- 
lar, intranasal or intraperitoneal routes: 
young baboons (Papio hamadryas), grivet 
(Cercopithecus griseoviridis) , vervet (Cer- 
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copithecus aethiopis centralis), red African 
hussar (Cercopithecus patas), Macaca ra- 
diata and Macaca mulatta (rhesus mon- 
keys), young white mice, wild gray mice, 
cotton rats, Egyptian desert rats (jerboas), 
Syrian hamsters, guinea pigs and rabbits. 
The virus could not be demonstrated in the 
serum of rhesus monkeys three and four 
days after inoculation by subinoculation in 
human beings of proved susceptibility 
(Sabin et al., 1944), 

Virus has been recovered from the blood 
and serum of experimentally inoculated 
human beings during the 24 hours preced- 
ing and the 24 hours following the onset of 
fever, but not thereafter. The amount of 
virus in human serum, obtained even within 
a few hours after onset of fever, is rela- 
tively small; the maximum amount found 
thus far has been about 1,000 infective 
doses per cc. Furthermore, the amount of 
virus in the serum obtained from individual 
donors varied a great deal since in some 
instances even doses of 1 cc. did not pro- 
duce disease (Sabin, 1944). Approximately 
5 per cent of human adults, living in areas 
free of the disease, have been found re- 
fractory when the virus was inoculated by 
the intracutaneous or intravenous routes. 
In several simultaneous tests, doses of virus, 
which usually produced the disease by the 
intracutaneous or intravenous routes, failed 
to cause fever, symptoms or leukocyte 
changes in from 50 to 75 per cent of the 
individuals inoculated by the subcutaneous 
or intramuscular routes. That an inapparent 
infection may have been produced in the 
latter human subjects is suggested by the 
fact that they were subsequently immune 
to large doses of virus injected by the intra- 
cutaneous or intravenous routes. On. the 
other hand, persons inoculated intracutane- 
ously or intravenously with amounts of 
virus too small to produce disease were not, 
with one possible exception, immune to the 
virus upon reinoculation of large amounts. 
The virus of phlebotomus fever does not 
give rise to skin lesions at the site of intra- 
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cutaneous injection and differs in this re- 
spect from dengue viruses. 
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human serum 
through gradocol membranes it was found 
that filtrates with an 
average pore diameter (A.P.D.) of about 
200 millimicrons or more regularly produced 


By passing infectious 


from membranes 


the disease in human volunteers, while fil- 
trates from membranes with an A.P.D. of 
100 millimicrons or did not (Sabin 
et al., 1944; Sabin, 1945). From these find- 
ings it is estimated that the diameter of 


less 


the virus is not greater than 40 or 60 milli- 
microns; it may be smaller, however, since 
the concentration of virus in the human 
serum used for filtration was relatively low. 
The often-quoted diameter of 160 milli- 
microns based on the finding (Shortt et al., 
1938) that an agent producing lesions on 
the chorio-allantoic membrane of chick 
embryos passed a gradocol membrane hav- 
ing an A.P.D. of 480 millimicrons but not 
one with an A.P.D. of 380 millimicrons, is 
unacceptable, not only because it was 
erroneously calculated (according to El- 
ford’s formula it should have been 190-285 
millimicrons) but also because there is no 
evidence that the virus of phlebotomus 
fever was being filtered. In frozen human 
serum, the virus has retained its infectivity 
for human beings for a period of at least 
four years by storage in a box containing 
solid CO. (Sabin, 1943-1948), The virus 
may also be preserved in an ordinary retrig- 
erator after suitable lyophilization. Repro- 
ducible results have not yet been obtained 
on the inactivation of the virus by ultra- 
violet light; and the absence of disease 
upon reinocuiation of potent virus in human 
volunteers who failed to develop the dis- 
ease following inoculation with ultraviolet- 
irradiated human serum, although difficult 
to explain, should not be interpreted as in- 
dicating that inactive phlebotomus fever 
virus can give rise to immunity (Sabin 
et al., 1944; Sabin, 1945). 
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Cultivation of the virus on the chorio- 
allantoic membrane of chick embryos as 
evidenced by the development of plaques 
has been reported by Shortt et al. (1938) 
who later (1939) failed to reproduce the 
disease in human beings with such cultures. 
Others (Demina and Levitanskaja, 1940; 
Demina, 1941) have stated that material 
cultivated in chick embryos produced 
symptoms of typical phlebotomus fever in 
human beings, but the available reports do 
not indicate whether or not serial passage 
and immunity studies were carried out to 
prove that the symptoms were produced by 
the virus of phlebotomus fever. Results of 
more recent studies (Sabin et al., 1944; 
Sabin, 1943, 1944) indicated that the 
plaques on the chorio-allantoic membrane 
were nonspecific; furthermore. tests on 
human beings revealed that virus of known 
potency passaged in chick embryos in vari- 
ous Ways or in mouse-embryo brain cul- 
tures produced neither disease nor im- 
munity. 

Multiple attacks of the disease during 
the same season or in subsequent seasons 
have led many to doubt that an attack of 
the disease produces appreciable immunity. 
However, experiments on human volun- 
teers residing in phlebotomus-free regions 
of the United States have shown that a 
solid immunity to reinfection with the same 
strain of virus is present as long as two 
years (longest period tested thus far) after 
a single experimental attack of the disease 
(Sabin, 1945). Three different strains of 
phlebotomus fever virus were obtained by 
human passage from natural cases oc- 
curring during 1943 and 1944 in troops 
stationed in the Mediterranean area (Sabin, 
1943-1945), Two of these, one from the 
Middle East and one from Sicily, proved 
to be identical by cross-immunity tests 
carried out one month, four months, and 
two years, respectively, after primary at- 
tacks. The third strain, recovered during 
an outbreak in Naples, possessed the char- 
acteristic properties of phlebotomus fever 
virus but was immunologically completely 
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different from the other two. Human vol- 
unteers proved to be immune to reinfection 
with the homologous Naples virus, de- 
veloped typical, unmodified attacks of the 
disease after inoculation of the Sicilian 
virus within two months of the first in- 
fection. Likewise, those who recovered 
from infection with the Sicilian virus suf- 
fered from unmodified attacks of the dis- 
ease after inoculation with the Naples virus 
(Sabin, 1945). This complete lack of cross 
immunity is unlike the picture exhibited 
by the multiple immunologic types of 
dengue virus in which a group relationship 
is manifested by cross-immunity tests dur- 
ing the first one or two months after the 
initial attack and by modified forms of the 
disease at later periods. The Naples strain 
of virus, which is thus a completely dis- 
tinct immunologic entity, has not yet been 
submitted to the ultimate test for a phle- 
botomus fever virus, namely, transmission 
by Phlebotomus papatasi. No immunologic 
relationship was demonstrable between the 
phlebotomus fever and dengue viruses. 
Only equivocal results have been obtained 
in attempts to demonstrate neutralizing 
antibodies in the serum of known, immune 
convalescents; the amount of antibody is 
probably small since the positive results 
have been obtained when large amounts of 
convalescent serum and small amounts of 
virus were used. Negative results were ob- 
tained in complement-fixation tests in 
which the antigens consisted of serum taken 
within 24 hours after onset, extracts of 
Phlebotomus papatasi, allantoic fluid or 
yolk sac of embryonated eggs inoculated 
with virus of known potency. Skin tests with 
fresh or heated infectious sera were 
negative, and hemagglutination tests with 
chicken, sheep and type-O human erythro- 
cytes were also negative (Sabin et al., 1944: 
Sabin, 1943), 


DIAGNOSIS 


The diagnosis of phlebotomus fever is 
generally made on clinical and epidetni- 


ologic grounds. The disease is Suspected 


EPIDEMIOLOGY 


when outbreaks of an illness with fever of 
short duration occur during the hot, dry 
season, especially among immigrants, tour- 
ists, or foreign troops in countries known 
to harbor Phlebotomus papatasi. Differenti- 
ation from outbreaks of dengue is aided by 
the shorter duration of fever and the ab- 
sence of rash and lymphadenopathy in 
phlebotomus fever. Influenza is not com- 
mon during the hot season and can be 
diagnosed by serologic reactions, In locali- 
ties where malaria is also prevalent and 
when, because of the pressure of events, 
antimalarial therapy may be administered 
in the absence of a positive smear, thou- 
sands of cases of phlebotomus fever have 
been erroneously diagnosed as malaria 
(Birt, 1915; Sabin et al., 1944). Infectious 
hepatitis at the onset may simulate phle- 
botomus fever, but the subsequent appear- 
ance of jaundice or a positive cephalin- 
cholesterol test serves to differentiate the 
two conditions. In certain parts of Africa, 
yellow fever and Rift Valley fever may 
cause confusion, but their true identity can 
be established by recovery of the viruses of 
these diseases from patients and by neu- 
tralization tests. 


TREATMENT 
No specific therapy is available. 


EPIDEMIOLOGY 


According to present knowledge the dis- 
ease is maintained in nature by passage 
from man to man through the medium of 
the intermediate host and vector, Ph/eboto- 
mus papatasi. Secondary cases do not arise 
by contact in the absence of the vector. 
Although other species of Phlebotomus, 
€.g., ‘perniciosus and caucasicus, have been 
found in areas where the disease has oc- 
curred, there is no experimental proof that 
they may act as vectors. 

Phlebotomus papatasi is a sand-colored, 
hairy midge, 2 to 3 mm. long, somewhat 
less than 1 mm. thick, easily recognized by 
the position of its two wings which are ele- 
vated and spread to form a V. The body 
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of the female appears distended and red 
for some hours after a blood meal, and 
black for several days thereafter, Only the 


. female bites and usually does so during the 


night and early hours of the morning. The 
site of a bite may or may not be marked 
by a reddish, pinpoint spot, and before a 
person becomes sensitive to the insects 
there is neither pain nor irritation beyond 
that of the initial stab. However, from one 
to two weeks after the primary exposure 
to such bites, markedly inflamed, itching 
papules (2 to 3 mm. in diameter, pink or 
red, sometimes vesicular) usually appear at 
almost all of the sites originally bitten, and 
may persist for four or five days. Once 
sensitization is established, such papules 
appear soon after bites. The flies are most 
prevalent near the ground level, and, be- 
cause of their small size and ability to 
squeeze through small apertures, ordinary 
screens and mosquito nets fail to exclude 
them. Their flight is conducted as a series 
of short hops, alighting on stones and other 
obstacles in their approach to a house, and 
then, instead of entering at once, they tend 
to alight on the outer walls where they 
continue to hop about with relatively long 
pauses between hops. After entering a house 
they continue to hop about on the walls 
and ceiling for some time before attempting 
to feed. These peculiar habits of phleboto- 
mus flies render them especially vulnerable 
to the residual action of DDT (Hertig and 
Fisher, 1945). Breeding places of the in- 
sects are difficult to demonstrate, but typi- 
cal sites are found in loose soil, organic 
debris beneath stones, cracks in masonry, 
embankments, rubble, and dark, protected 
spots containing sufficient moist organic 
matter (Whittingham and Rook, 1923a). 
The larvae are not aquatic and are killed 
by too much moisture, They thrive during 
hot, dry seasons, and under optimum con- 
ditions 4.5 to 6 weeks are required for the 
eggs to develop into winged insects. The 
life of the adult is relatively short in hot 
weather, and in the laboratory it lives no 
longer than two or three weeks. An ex- 
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trinsic incubation period of seven to ten 
days after feeding on a patient is known to 
be sufficient for transmission, but not 
enough work has been done to be certain 
that a shorter period will not suffice. 

The geographic distribution of the dis- 
ease is regarded as being limited to the 
areas harboring Phlebotomus papatasi 
which include particularly those parts of 
Europe, Africa and Asia that lie between 
20 and 45 degrees north latitude. The dis- 
ease is definitely known to occur in Sicily, 
Italy as far north as the Po valley, along 
the Adriatic coast of Yugoslavia, Greece, 
Malta, Crete, Cyprus, Egypt, Palestine, 
Syria, Iraq, Iran, the coast of Crimea, the 
Azov and Black Sea littoral, provinces of 
central Asia in the USSR, and the north- 
west and central provinces of India. The 
disease is not known to occur in the United 
States, although man-biting species of 
Phlebotomus, P. diabolicus in Texas and 
an undetermined species in the Okefenokee 
Swamp, Georgia (Johannsen, 1943), have 
been reported. Whether or not these and 
other man-biting species of Phlebotomus in 
the western hemisphere are capable of act- 
ing as vectors of phlebotomus fever virus 
is not known. Aedes aegypti, Culex pipiens, 
Pulex irritans (Sabin et al., 1944; Sabin, 
1945) and bedbugs (Doerr et al., 1909) 
have been tested and found incapable of 
transmitting the infection. 

Phlebotomus fever, unlike dengue, is not 
known to have invaded new territories. 
Large outbreaks have invariably occurred 
among troops or immigrants from coun- 
tries free from the malady who had moved 
into endemic regions. Although the total 
number of cases of phlebotomus fever 
officially reported as hospital admissions in 
the U. S. Army during World War II was 
only 12,434, the actual number was _un- 
doubtedly much greater, thousands of cases 
having been reported as fever of unknown 
origin or as malaria (Sabin et al., 1944), 
Although the disease is practically never 
seen among the native adolescent or adult 
populations of endemic regions, it is obvious 
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that all of them must have acquired the 
infection in infancy and childhood. While 
it is clear how new susceptible subjects 
become available each year to aid in the 
perpetuation of the virus, it is not clear 
what the reservoir of the virus is during 
the late autumn and winter months when 
the phlebotomus flies are absent. The virus 
quickly disappears from the blood of human 
beings, and there is no evidence that it 
may be carried by lower animals. Doerr 
and Russ (1909) first suggested the possi- 
bility that the virus may be transmitted 
from one generation of infected Phleboto- 
mus papatasi to another. Whittingham 
(1924) reported that Phlebotomus papatasi 
reared in the laboratory in England pro- 
duced the disease in human beings without 
previously feeding on infected persons; he 
believed, however, that the larvae might 
have acquired the virus by feeding on the 
dejecta or dead bodies of adult flies. Others 
(Young et al., 1926), noting that the flies 
did not die in their breeding grounds after 
oviposition and that the larvae showed no 
preference for feeding on the dead bodies 
of adult flies, maintained that infection of 
the insect probably occurred in their breed- 
ing grounds and suggested that the mites 
(Trombidium hindustanicum Hirst and 
Raphignathus youngi Hirst) which were 
found on about 4 per cent of adult phle- 
botomus flies might constitute the true 
reservoir of the virus. Moshkovsky et al. 
(1937), starting with the ova of thousands 
of flies which had been fed on patients, 
proved in a series of well-controlled experi- 
ments that certain of the adults raised 
from ova hatched away from their “par- 
ents” were capable of producing phleboto- 
mus fever in human volunteers; that a 
virus caused the illness was established by 
serial passage in other human beings. The 
American commission (Sabin et al., 1944) 
was unable to produce the disease with 
offspring from flies of proved infectious 
capacity or from larvae which had ingested 
lyophilized virus, and concluded that trans- 
mission of the virus from one generation of 
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flies to another is not a regular event. The 
question of how the virus overwinters and 
what its true reservoir may be, cannot be 
regarded as having been settled. 


CONTROL MEASURES 


Control measures are directed against the 
vector. DDT residual spray is effective 
against Phlebotomus papatasi (Hertig and 
Fisher, 1945) and should be used to control 
the vector in living quarters and breeding 
sites within a radius of 100 to 200 meters, 
which is the usual flight range for flies 
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breeding near human habitations. Regular 
use of dimethyl phthalate and other effec- 
tive insect repellents after sundown and 
upon retiring has been found helpful in 
preventing the disease (Sabin et al., 1944; 
Philip et al., 1944). Prior to the advent of 
DDT, hospital epidemics (Cullinan and 
Whittaker, 1943) were not infrequent in 
certain types of military installations, and 
separate wards, located from 300 to 600 
meters away from other buildings, were 
considered desirable for patients with this 
disease, 
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32 
The Typhus Fevers 


Several human infections are induced by 
micro-organisms called “rickettsiae” which 
have been tentatively placed in the family 
Rickettsiaceae (Pinkerton, 1936). These 
micro-organisms are intermediate in charac- 
teristics between bacteria and viruses. They 
are readily visible in microscopic prepara- 
tions as pleomorphic cocco-bacillary forms, 
multiply only within certain cells of suscep- 
tible species, and are found in various ar- 
thropods in nature. On the basis of clinical 
features, epidemiologic aspects, serologic 
and immunologic characteristics, the ric- 
kettsial diseases of man are divided into 
the five groups listed below. 


1. Typhus group (discussed in this chapter) 
a. Classic epidemic (louse-borne) typhus 
b. Murine (flea-borne) typhus 
c. Brill’s disease 

2. Spotted-fever group (Chapter 33) 

3. Scrub typhus (Tsutsugamushi disease) 
(Chapter 34) 

4. Q fever (Chapter 35) 

5. Trench fever (Chapter 36) 


CLASSIC EPIDEMIC TYPHUS 
(LOUSE-BORNE) 
(SYNONYMs: Jail fever, camp fever, war 
fever, famine fever, ship fever, hospital 
fever, petechial fever, morbus hungari- 
cus, typhus historique, typhus exan- 
thematique, dermoty pho, tabardillo, ty- 
phus exantematico, Fleck fieber) ; 


INTRODUCTION 


Typhus fever is an acute, infectious dis- 
ease characterized by sustained high fever, 
severe headache, generalized macular or 
maculopapular rash, and termination by 
rapid lysis in 14 to 18 days. Case-fatality 
rate in epidemics is about 20 per cent. 
The etiologic agent was named Rickettsia 
prowazeki in honor of two investigators, 
Dr. Howard Taylor Ricketts, an American, 
and Dr. S. von Prowazek, an Austrian, who 
died of typhus fever in the course of their 
studies of its etiology (da Rocha-Lima, 
1916). 


HIstory 


Although typhus fever has probably 
afflicted mankind since ancient times, it 
has not been definitely identified in the 
numerous records of epidemics which oc- 
curred before the sixteenth century. Zinsser 
believed that the account of an illness in the 
Italian monastery near Salerno which oc- 
curred in 1083 may have referred to typhus 
fever (Zinsser, 1935). However, the de- 
scription by Fracastorius (1546) is the 
earliest medical record which is sufficiently 
clear to identify typhus fever as a separate 
entity. The word typhus is derived from the 
Greek, typhos, meaning smoky or hazy. 
Although the term had been used by 
Hippocrates to depict a “confused state of 
intellect with a tendency to stupor,” it was 
not actually applied to typhus fever until 
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1760 when Sauvages selected it to describe 
the mental state of patients suffering from 
the disease (Murchison, 1884). It should 
be emphasized that typhus and typhoid 
fevers were frequently confused by phy- 
sicians until 1837 when W. W. Gerhard in 
Philadelphia called attention to the im- 
portant clinical and pathologic differences 
between the two diseases (Gerhard, 1837). 
Confusion in terminology persists even 
now, since typhoid fever is called typhus 
abdominalis in some parts of Europe. 

Typhus fever has always been intimately 
associated with wars, famines and human 
misfortunes of all kinds. Its effect on the 
outcome of battles has often been decisive. 
The earliest military chronicle implicating 
typhus is that which describes the siege 
of Granada in 1489; there were 17,000 
deaths from typhus in the Spanish Army, 
almost six times the number killed in com- 
bat with the Moors (Villalba, quoted from 
Zinsser, 1935). Perhaps typhus was brought 
to Spain by the Spanish soldiers who had 
fought against the Turks in Cyprus, Soon 
thereafter the disease broke out in Italy 
where Fracastorius had occasion to study 
its characteristics. In 1528, the French 
Army besieging Naples was at the point of 
decisive victory over the forces of Charles 
V, a victory which would have had enor- 
mous effects on the subsequent develop- 
ments in Europe. But then “ .. . typhus 
made its political debut—by one of the 
most far-reaching and profoundly effective 
strokes of its entire career...” (Zinsser, 
1935). With great rapidity it struck down 
30,000 soldiers in the camps of the French 
and the remnants of the army were forced 
to withdraw. 

The Balkan campaigns in the sixteenth 
century contributed greatly to the spread 
of typhus across Europe. Large forces were 
assembled from various parts of Germany, 
Italy and France for combat with the 
Turks, but many of the men were stricken 
by typhus before they reached the battle- 
fields. The disease became known as the 
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“morbus hungaricus” as it was disseminated 
throughout Europe by the soldiers return- 
ing from Hungary (Prinzing, 1916). The 
first account of a typhus epidemic in the 
New World is found in the writings of 
Padre Sabagun (Sinclair and Maxcy, 1925), 
who refers to the severe epidemic in the 
highlands of Mexico in 1576 and 1577 dur- 
ing which more than two million Indians 
died. Although the records suggest that 
typhus fever may have existed in the New 
World before the arrival of the Spanish 
explorers, it is not possible to decide this 
point on present evidence (Zinsser, 1935). 
Throughout the seventeenth century typhus 
continued its exploits in Europe, affecting 
civilians and soldiers alike in the military 
struggles of that era. During the Thirty 
Years’ War, the Swedish army under Gus- 
tavus Adolphus was forced to withdraw 
from a projected campaign against Wallen- 
stein at Nuremberg in 1632, because typhus, 
aided by scurvy, killed 18,000 soldiers. In 
the century and a half between the Thirty 
Years’ War and the Napoleonic campaigns, 
typhus contributed almost continuously to 
the chronicles of epidemic disease. The dis- 
aster which befell Napoleon’s army of half 
a million men in 1812 was in part the work 
of typhus. During the period from 1816 to 
1819, a great epidemic of typhus is said to 
have caused at least 700,000 cases among 
the six million inhabitants of Ireland 
(Zinsser, 1935). Typhus tended to subside 
somewhat in the last half of the nineteenth 
century, but it reappeared again in World 
War I, striking Serbia severely in 1915. 
There were only 400 Serbian doctors and al- 
most all of them contracted typhus; 126 of 
these doctors died. The mortality in the 
civilian population ranged from approxi- 
mately 20 per cent during the rise and de- 
cline of the epidemic, to 60 and even 70 per 
cent at its height. In less than six months 
more than 150,000 Serbians died of typhus 
(Hunter, 1919; Strong et al., 1920). Be- 
tween 1918 and 1922, typhus ravaged Rus- 
sia; estimates place the number of cases as 
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high as thirty million in this period and 
deaths as many as three million (Beeuwkes, 
1926). 

Between World War I and World War II 
typhus was reported from China, Russia, 
Poland, the Balkans, Iran, Egypt, Abys- 
sinia, Algeria, Tunisia, Morocco, South 
Africa, Mexico, Guatemala, Colombia, 
Bolivia, and Chile. During World War II 
some of these countries suffered sharp in- 
creases in the incidence of typhus, particu- 
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larly French North Africa, Egypt, Iran, 
Yugoslavia, Japan and Korea. Information 
from Poland and Russia is incomplete. 
Moreover, typhus appeared in epidemic 
form in a few countries which ordinarily 
are free from the disease, notably Spain, 
Italy and Germany. Cases were reported 
from England and France, but these were 
repatriated persons who traveled to those 
countries during the incubation period of 
the disease. During World War II typhus 
more than once threatened to complicate 
military operations. The areas of North 
Africa in which Allied forces made their 
landings in late 1942 were suffering from 
severe outbreaks of typhus. In October, 
1943, the disease broke out in Naples just 
as that badly overcrowded and heavily 
bombed city was occupied by the Allied 
forces (Bayne-Jones, 1948), In 1944, the 
Yugoslavian army, engaged in_ bitter 
struggle with the Germans, was severely 
handicapped by the spread of typhus not 
only in the civilian population but in the 
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army itself (Murray, 1945). As the Allied 
armies crossed Germany in 1945, typhus 
was encountered in many of the notorious 
Nazi concentration camps. Although only 
a very short interval elapsed between the 
liberation of these camps and the arrival 
of adequate forces to maintain discipline 
and control from the sanitary point of view, 
many of the louse-infested, typhus-infected 
inmates escaped into the surrounding 
countryside, scattering far and wide. At- 
tempts to restrict the spread of typhus were 
vastly handicapped by the floods of per- 
sons who had been transplanted into Ger- 
many from occupied countries; more than 
a million of these ‘slave laborers” were 
freed by the Allied armies and nearly all 
crowded the roads seeking to return to 
their own countries (Snyder, 1947a). 
Shortly after the cessation of hostilities in 
the Far East, Japan and Korea underwent 
a severe typhus epidemic of approximately 
26,000 cases (Scoville, 1948). 

The examples cited above are only a few 
of the many recorded epidemics of typhus 
fever, but they suffice to indicate that 
classic typhus has been one of the major 
epidemic diseases of all time. It is probable 
that typhus fever has been exceeded only 
by malaria as a cause of widespread human 
suffering. (References which contain re- 
views of the literature: Hirsch, 1883; 
Murchison, 1884; Strong et al., 1920; Wol- 
bach, Todd and Palfrey, 1922; Otto and 
Munter, 1930; Zinsser, 1935; Snyder, 
1947a.) 


CLINIcaL Picture 


The incubation period usually is from 
10 to 14 days; but it may be shorter if 
the infecting dose is unusually large, Prod- 
romal symptoms occur infrequently; if 
present, they are headache, lassitude and 
weakness, sometimes accompanied by slight 
fever. Onset is usually abrupt and patients 
are frequently able to state the exact hour 
at which they noted the beginning of their 
illness. The first Symptoms are malaise, 
chilly sensations, headache, weakness, gen- 
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eralized aches and pains. During the first 
two or three days the temperature may 
fluctuate from normal to 39° C., but after 
the third day it attains a level of 39° to 
41° C. where it remains until death or re- 
covery of the patient (Chart 25). 





Fic. 36. 
disease, (U.S.A. Typhus Commission. ) 


There may be one or more shaking chills 
early in the first week. Headache increases 
in severity and may be generalized or most 
severe in the frontal region; it is one of the 
most constant features of typhus fever, and 
efforts to diminish its intensity usually fail. 
Patients tend to cough in the first week 
of disease without raising much, if any, 
sputum. Vomiting occurs infrequently with 
the onset of the disease and is rare after 
the third day, except when azotemia de- 
velops. Constipation is far commoner than 
is diarrhea. Patients may appear to be deaf, 
and they often complain of ringing in the 
ears or vertigo. Pains in the muscles of 
the back and legs may be very troublesome. 
The appearance of a generalized eruption, 
usually between the fourth and seventh 
days of the disease, is an important feature. 
Preceding the rash in some instances, there 
may be a transient blotchy erythema or a 
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marbled appearance of the skin, sometimes 
referred to as subcuticular mottling. The 
characteristic rash is first apparent on the 
trunk, spreadng in the course of one or two 
days over the entire body except the face, 


palms and soles, which are involved only 


‘ if \ 


Photograph of patient with typical rash of typhus fever, 11th day of 


in gravely ill patients. Lesions have been 
recognized on the soft palate in rare in- 
stances. At first the skin lesions are macules 
or maculopapules about two to four milli- 
meters in diameter, pinkish to bright red 
in color, with rather indefinite borders. 
Slight pressure causes them to fade com- 
pletely. This eruption has been described 
as a “mulberry rash” (Fig. 36). 

The rash may be absent throughout the 
disease in perhaps 10 per cent of light- 
skinned persons; lesions are even more 
difficult to detect in dark-skinned persons. 
In the first few days, the pulse rate may 
not be quite so high as the temperature 
would warrant, but toward the end of the 
first week and for the remainder of the dis- 
ease the pulse rate is rapid in proportion to 
the temperature. The blood pressure is 
usually low, and there may be brief periods 
of severe hypotension. The respiratory rate 
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is quite often increased out of proportion 
to any findings in the chest. Toward the 
end of the first week, patients exhibit vary- 
ing degrees of photophobia and suffusion 
of the conjunctivae. The face is often 
flushed and sometimes assumes a dusky ap- 
pearance, Some observers have commented 
on the presence of facial edema in certain 
patients. Delirium may appear, but it is 
more common to observe only mental dull- 
ness or slight stupor at this stage. The 
urine frequently is reduced in amount and 
the specific gravity is elevated. Sometimes 
there may be inability to void or incon- 
tinence of urine and feces, although these 
usually do not occur before the second or 
third week. 

In the second week of illness, the skin 
lesions become darker in color, assuming 
a reddish to reddish-purple hue; pressure 
no longer causes them to fade. In mild 
cases the rash may last for two or three 
days and then disappear. In moderately or 
severely ill patients, the lesions are usually 
visible until the end of the febrile period. 
In many of the severe cases the rash be- 
comes petechial or even frankly hemor- 
rhagic. Confluence of the rash has been 
noted in very severely ill patients. In gen- 
eral, there is no residual evidence of the 
rash after recovery ; in rare instances, how- 
ever, brownish areas of pigmentation are 
visible for several months. If a patient dies, 
the rash ordinarily persists after death, par- 
ticularly in dependent areas. 

The second and third weeks of illness 
constitute the critical period. Increasing 
prostration develops and patients are un- 
able to eat or drink without assistance. 
Mental dullness supervenes and_ patients 
seem to be quite deaf. The dullness may 
progress to stupor or coma. The stupor 
may be interrupted by brief episodes of 
delirium in which patients become active 
or even violent and then lapse back into 
apathy, They may mutter to themselves or 
carry on conversations with imaginary 
friends. In rare instances, stiffness of the 
neck may develop in sufficient degree to 
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prompt the performance of a lumbar punc- 
ture; the spinal fluid may be under slightly 
increased pressure but otherwise is normal. 
Murchison in 1862 gave the following ac- 
count of the clinical picture of typhus in 
the second week of the disease which is 
remarkable for its accuracy. His descrip- 
tion is especially interesting not only be- 
cause he studied the disease for many years, 
but also because he was one of the very few 
persons who suffered two severe attacks of 
classic typhus, a fact which qualified him 
to write authoritatively of the disease. 


. .. the stupor and delirium alternate, the 
latter being most marked in the night-time. 
The prostration is extreme: the patient lies 
on his back, moaning, muttering incoherently, 
or still and motionless, with a tendency to sink 
to the bottom of the bed. He is quite unable 
to raise himself, or even to turn on his side, 
is with difficulty aroused, and is utterly indif- 
ferent to surrounding objects and persons. 
Tremors, subsultus, and picking of the bed- 
clothes may be observed. The expression is 
stupid and vacant; the conjunctivae are in- 
jected, the eyelids for the most part closed, 
and the pupils often contracted. Deafness is 
not uncommon. If spoken to loudly, the pa- 
tient opens his eyes and stares vacantly at 
those about him, and when told to put out his 
tongue he opens his mouth and leaves it open 
until desired to close it. These are all the 
signs of consciousness exhibited; and even 
they may be absent. But all this time the 
mind is far from inactive; the imagination 
conjures up the most frightful fancies, to 
which implicit belief is attached, and of which 
a distinct recollection may remain after re- 
covery. The ideas often revolve on previous 
events of the patient’s life. He believes him- 
self persecuted and tormented by his attend- 
ants and dearest relatives; he compresses 
years into hours, and in a few hours imagines 
that he has lived a life-time. They who have 
passed through these mental sufferings can 
alone imagine their intensity. The teeth and 
lips are now covered with sordes: the tongue 
is hard and dry, dark brown or black, con- 
tracted into a ball, tremulous and protruded 
with difficulty or not at all. The abdomen is 
flaccid, or sometimes tympanitic; the bowels 
are still confined, or one or two slightly re- 
laxed motions are passed daily in bed. The 
urine is more copious, but paler, and of low 
specific gravity, and is passed involuntarily, 
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or retained so as to necessitate recourse to the 
catheter. The skin is cooler than before, and 
sometimes moist; the number of spots present- 
ing a petechial character increases. The parts 
subjected to pressure and particularly the skin 
over the sacrum become red and tender. and 
are liable to slough. The pulse is frequent 
(112 to 140), small, weak, and undulating, 
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often disclosed by roentgenograms than by 
physical examination. Respirations are 
usually rapid and somewhat shallow. The 
blood pressure continues to be lower than 
normal and may fall below 80/50 in severe 


cases. Although the myocardium is dam- 
aged, the syndrome of congestive heart 
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++) ++) ++ | ++) ++| ++ 

| + | + 
oy fe ee ea 
Hh +H +++) $44) +44 


Cuart 26. Graphic representation of clinical findings on a male 
patient, 46 years old, admitted on 5th day of disease, dying on 


18th day. 


In space on chart directly above 


“specific gravity,” 


data about fluid intake and output (liters/24 hrs.) are portrayed ; 


P represents fluid given parenterally. 
J. C., Murray, E. S., Ecke, R. S., and Zarafonetis, C. J. D., 


A., Snyder, 
1945, 


(Yeomans, 


Azotemia in typhus fever. Annals of Internal Medicine, 23, 735. 


and not unfrequently [sic] intermittent, ir- 
regular, or scarcely perceptible; the cardiac 
impulse and systolic sound of the heart are 
diminished in intensity, or absent. (Murchi- 
son, 1884, pp. 122-123.) 


To this account a few more details may 
be added to complete the picture of the 
critical period of the illness. Persistent 
cough with difficulty in expectoration may 
be accompanied by development of a 
patchy pulmonary consolidation, more 


failure does not appear in the acute stage 
of the disease. Gallop rhythm often de- 
velops in severely ill patients. The spleen 
becomes palpable in about half the cases. 
Renal insufficiency of varying degree is a 
common occurrence. Oliguria and elevated 
blood urea nitrogen are nearly always 
features of the clinical course of fatal cases 
of typhus fever (Yeomans et al., 1945) 
(Chart 26) Gangrene of the toes, feet, tips 
of fingers, ear lobes, nose, penis, scrotum or 
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vulva may occur. Parotitis, otitis media and 
furunculosis are common _ complications 
which may appear toward the end of the 
second week of illness. 

In fatal cases, the terminal period is 
usually characterized by profound stupor 
which changes to coma; some patients have 
other features characteristic of uremia. 
Cyanosis deepens and pulmonary consoli- 
dation develops to an extent readily de- 
tectable by physical examination. The 
blood pressure may fall to a very low level. 
Evidence of peripheral vascular collapse 
may be noted shortly before death. The 
skin becomes cold and moist with a livid 
appearance; the pulse becomes very faint 
or absent at the wrist, and death ensues. 
In some instances, the temperature may 
drop to subnormal values a few hours be- 
fore death. Unless the fatal termination is 
due to secondary bacterial infection, death 
from typhus per se usually occurs between 
the ninth and eighteenth days of illness. 

If a patient recovers, the fever generally 
subsides by rapid lysis in the third week of 
illness, the temperature becoming normal or 
subnormal within two or five days. The 
mental state improves strikingly when the 
temperature begins its descent. With the ex- 
ception of infrequent cases of very severe 
encephalitis due to typhus itself, recovery 
of normal mental and physical capacities 
is remarkably rapid in convalescence. Full 
strength and activity are regained in two 
or three months. An astonishing feature of 
the disease is the absence of serious 
sequelae, despite the fact that the central 
nervous system, myocardium and kidneys 
are dangerously involved in the acute stage. 
(References which give detailed descrip- 
tions of the clinical course of typhus: 
Murchison, 1884; Wolbach, Todd and Pal- 
frey, 1922; van den Ende et al., 1946; 
Yeomans, 1947, 1948.) 

The hemoglobin and red blood cell count 
decrease during the course of typhus, par- 
ticularly in the second and third weeks of 
illness when the red count may fall to 3.5 
million cells per cubic millimeter with a 
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corresponding reduction in hemoglobin 
values. Return to normal levels usually is 
rapid. In the first week of illness, the white 
blood cell count tends to be somewhat re- 
duced; values range from 8,000 to 2,000 
cells per cubic millimeter. Differential 
counts are interesting chiefly because of 
the constant absence of eosinophiles dur- 
ing the febrile period. In the second and 
third weeks of illness, the white blood cell 
count may be normal or slightly elevated. 
In the presence of secondary bacterial com- 
plications, the leukocyte count may be con- 
siderably above normal. Practically all 
patients have albumin in the urine in vary- 
ing amounts while fever is present. There 
is a tendency for the specific gravity of 
the urine to be high during the first week, 
possibly because of dehydration. In the 
second and third weeks of the disease, 
severely ill patients may excrete only smal! 
amounts of urine of relatively low specific 
gravity. Diuresis has been observed at the 
beginning of the convalescent period in 
some patients. Red blood cells may occur 
in the urine in varying numbers, but gross 
hematuria is a very rare finding. Granular 
casts, however, may be numerous, particu- 
larly when patients have nitrogen reten- 
tion. The nonprotein nitrogen and urea 
nitrogen of the blood are increased in about 
half the cases. The rise begins in the second 
week of illness, and often follows a drop 
of blood pressure, although not invariably. 
Values between 100 and 200 mg. per cent 
for the blood nonprotein nitrogen have 
been observed with survival of the patient, 
but usually such levels presage fatal out- 
come. A reduction in renal plasma flow may 
be responsible for the kidney damage. The 
appearance of renal insufficiency as indi- 
cated by azotemia is one of the earliest 
laboratory findings of serious prognostic 
import; azotemia precedes death almost 
without exception. Changes in serum pro- 
teins are observed toward the end of the 
first week of illness; serum albumin is re- 
duced and serum globulin is increased, 
leading to a reversal of the albumin- 
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globulin ratio, Serum chlorides are usually 
reduced below 95 milliequivalents per liter, 
and values as low as 85 may be encoun- 
tered; the chlorides in the urine 
concomitantly reduced. Carbon 
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the lung field, often more extensive than 
the physical signs of pulmonary involve- 
ment would indicate. Transient abnormali- 
ties in the electrocardiogram have been 
recorded; these consist of low voltage of 


Fic. 37. Section of brain of patient who died of typhus fever on 13th 
day of disease showing a typical typhus nodule in the medulla oblongata ; 
note proliferative character of the lesion. x 275. (Dr. W. B. MacAllister 
and the U.S.A. Typhus Commission ; photograph by Dr. R. M. Allen.) 


combining power of the blood is either 
normal or reduced; serum pH is normal 
in most instances. Likewise, values for 
plasma volume are within the accepted 
normal range. The slight reduction in whole 
blood volume encountered toward the end 
of the disease in some patients is attributed 
to a reduction in red cell volume alone 
(Phillips, Yeomans and Tierney, 1948). 
Roentgenograms of the chest frequently 
reveal a diffuse mottling of various areas in 


the QRS complexes, low or inverted T 
waves, and less often, depression of the 
S-T segment. (References dealing with 
laboratory findings in typhus: Otto and 
Munter, 1930; Woodward and Bland, 
1944: Yeomans et al., 1945; Tierney and 
Yeomans, 1946; Yeomans, 1947, 1948.) 


PatHotocic PicTURE 
There are no gross findings characteristic 
of typhus fever at necropsy except the 
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skin lesions. Bronchopneumonia, myocar- 
dial changes and petechial hemorrhages in 
the subcutaneous tissues and brain are the 
principal features which may be observed. 
Rarely, symmetrical gangrene of the ex- 
tremities and thrombosis of a large blood 
vessel may be present. The microscopic 
pathology of typhus is quite characteristic. 
Rickettsiae multiply inside endothelial cells 
lining small blood vessels. Affected cells be- 
come swollen and proliferation occurs as 
shown by numerous mitotic figures. Throm- 
bosis results from injury caused by ricket- 
tsial growth. Accumulation of polymor- 
phonuclear leukocytes, macrophages and 
lymphoid cells around such lesions in 
capillaries, arterioles or venules gives rise 
to distinctive histologic appearance some- 
times referred to as Fraenkel’s nodules 
(Fig. 37). Early stages in the development 
of these lesions have been studied by skin 
biopsies (Wolbach, Todd and Palfrey, 
1922). Rickettsiae can be demonstrated by 
careful technic in some of the endothelial 
cells. Vascular lesions are most numerous in 
the skin, central nervous system and myo- 
cardium, but are scattered widely through- 
out different organs of the body. Necrotic 
areas of the skin appear to be associated 
with thrombosis of capillaries, small ar- 
teries, and veins beginning in the corium. 
Symmetrical gangrene of the extremities 
may be due to nerve lesions instead of 
thrombosis of large vessels. Lesions in the 
respiratory tract are similar to those in 
terminal bronchopneumonic processes in 
various diseases and are not distinctive of 
typhus. (References which describe the 
pathology of typhus: Ceelen, 1919: Wol- 


bach, Todd and Palfrey, 1922: Walbach, 
1948). 


EXPERIMENTAL INFECTION ; 
Host Rance 


Classic epidemic typhus is a disease 
which occurs as a natural infection of man, 
the human body louse, Pediculus eee 
corporis, and the human head louse, Pedic- 
ulus humanus capitis, The role of the 
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human body louse in the transmission 
of typhus, although previously suspected 
(Otto, 1909), was first demonstrated ex- 
perimentally by Nicolle, Comte and Conseil 
(1909). Their observations were promptly 
confirmed (Ricketts and Wilder, 1910a; 
Anderson and Goldberger, 1912). The 
human body louse spends its entire ex- 
istence in the clothes of man. Eggs are laid 
in the seams of the undergarments. After 
about eight days, the eggs hatch and the 
nymphs in the course of two weeks go 
through three moults to become adults. The 
insects crawl about on the clothes, leaving 
the garments only to take a blood meal 
from their host. Lice cannot fly or jump 
but they have been observed to crawl for 
several yards. Each louse takes four to six 
blood meals a day from its host under 
natural conditions. Human blood constitutes 
their only food. R. prowazeki is present in 
the blood of patients suffering from typhus 
during the febrile period of the disease. The 
body louse becomes infected by imbibing 
a blood meal containing rickettsiae, which 
then enter cells lining the intestinal tract 
of the louse. All stages of lice, whether 
newly hatched lymphs or fully developed 
adults, are susceptible to infection with 
R. prowazeki. After a few days the ricket- 
tsiae have multiplied so profusely that the 
cells containing them are swollen and may 
burst. The organisms may then be passed 
in the feces of the louse or may enter 
uninvolved cells lining the intestinal tract. 
Ordinarily, rickettsiae appear in the feces 
of a typhus-infected louse about three to 
five days after the first infective meal. The 
louse usually succumbs to the infection 
after seven to ten days, but it is important 
to note that 24 days may elapse before all 
cells of the mid-intestine become full of 
rickettsiae. 

Lice have been extensively used in typhus 
research. For this purpose a colony of 
normal stock lice is maintained by feeding 
on healthy human subjects twice daily. The 
lice are confined in a small capsule covered 
with bolting silk which is Strapped to the 
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leg or arm. Sometimes it is more convenient 
to store the capsule in an incubator between 
feedings. If the temperature is lower than 
30° C., or higher than 32° C., rickettsiae 
may fail to develop; at temperatures above 
37° C. the louse colony fares poorly. An 
ingenious technic was developed for the ex- 
perimental infection of lice by means of a 
glass capillary inserted into the insect’s 
rectum (Weigl, 1920). Lice thus infected 
develop typhus which is similar in every 
respect to the infection acquired by feed- 
ing. Although lice ordinarily do not thrive 
if nourished on other species than man, it 
has been possible to infect and to nourish 
them on rabbits, thereby permitting a wider 
range of experiments with these insects 
(Snyder and Wheeler, 1945). Russian 
workers have claimed successful results by 
feeding lice through a variety of mem- 
branes (Pshenichnoy, 1943). 

The presence of rickettsiae in the feces of 
lice or in the intestinal tract of a louse may 
be demonstrated by means of smear prepa- 
rations or fixed tissue sections (Wolbach, 
Todd and Palfrey, 1922). Since nonpatho- 
genic rickettsiae may be encountered in 
the intestinal tract of normal lice, the 
demonstration of rickettsialike organisms in 
smears of louse feces or intestines is not 
sufficient evidence upon which to base a 
diagnosis of typhus infection. Rickettsiae 
prowazeki are present only in the intestinal 
lining cells and the feces of infected lice; 
they have not been demonstrated in other 
tissues, such as the salivary glands; they 
are not passed from generation to genera- 
tion of lice in the egg. 

The course of typhus infection in the 
human head louse is identical to that in the 
body louse (Goldberger and Anderson, 
1912), but the latter is far more important 
in transmission of epidemic typhus. (Refer- 
ences: Wolbach, Todd and Palfrey, 1922; 
da Rocha-Lima, 1930; Buxton, 1939.) 

Monkeys, guinea pigs, rats and other 
rodents, developing chick embryos, and 
certain arthropods are susceptible to ex- 
perimental infection with classic epi- 
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demic typhus. Monkeys inoculated with R. 
prowazeki undergo a febrile illness of a 
few days’ duration from which they survive 
as a rule (Nicolle, 1909; Anderson and 
Goldberger, 1912). A skin eruption has 
been described in typhus-infected monkeys. 
but more often this is absent. The animals 
suffer loss of appetite and become apathetic, 
but otherwise exhibit no evidence of illness. 
In typhus research, the inoculation of 
monkeys is neither satisfactory nor prac- 
ticable. 

Typhus was transmitted to guinea pigs 
by Nicolle, Conseil and Conor (1911), who 
observed that the animals responded to 
inoculation by developing a fever of several 
days’ duration. Typhus is established in 
guinea pigs by the intraabdominal inocula- 
tion of blood taken from a typhus patient 
during the febrile period. If the specimen 
is obtained in the first week of illness, 
whole blood may be used. After the seventh 
or eighth day it is advisable to allow the 
specimen to clot; after centrifugation the 
serum is separated and stored for use in 
serologic tests; the clot is then ground 
with an equal volume of a sterile diluent, 
such as saline solution, skimmed milk or 
nutrient broth. After allowing gross par- 
ticles to settle out, the suspension of ground 
clot is inoculated into two male guinea pigs, 
each weighing about 500 grams; each ani- 
mal is given four to five cubic centimeters. 
Female pigs may be employed successfully, 
but, for reasons to be mentioned in the 
section on murine typhus, male guinea pigs 
are preferred. Removal of the serum from 
the clot serves to increase the chance of 
successful detection of rickettsiae by 
eliminating antibodies which are present 
in the patient’s blood serum after the 
seventh day of illness. In some instances, 
the pigs may be sick during the first 18 to 
24 hours after the inoculation, probably as 
a consequence of the large volume of blood 
which is required for successful isolation of 
rickettsiae. A small percentage of animals 
may succumb at this stage. Usually, how- 
ever, the animals remain entirely well after 
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the inoculation and the detection of the 
rickettsial infection depends solely on the 
temperature curve. The normal morning 
temperature of a guinea pig varies between 
38° and 39.5° C.; values above 40.0° C. are 
indicative of fever. Ordinarily, guinea pigs 
which are inoculated with a patient’s blood 
have a somewhat prolonged incubation 


Temperatures of Guinea Pigs ; 
Inoculated with Classical’ Epidemic Typhus -Brein1 Strain 

















Day of disease 


Cuart 27. Temperature curves of 
guinea pigs infected with classic ty- 
phus fever. (1) Usual curve found in 
about 90 per cent of guinea pigs. (II) 
Atypical curve found in about 5 per 
cent of guinea pigs. (III) No febrile 
response found in about 5 per cent of 
guinea pigs. 


period before their temperature exceeds 
40.0° C.; 12 to 24 days may elapse before 
the rise occurs. When suspensions of brain 
or spleen of such animals are removed on 
the third or fourth day of fever for sub- 
inoculation to fresh guinea pigs by the 
intraabdominal route, the incubation period 
is shortened to seven to nine days and re- 
mains at this interval in successive trans- 
fers made in this manner. 

To accomplish a transfer, a febrile guinea 
pig is lightly anesthetized with ether and 
bled out from the heart; the brain is 
removed and ground to a 10 per cent sus- 
pension in a suitable diluent. One or two 
cc. of the suspension are used for the intra- 
abdominal inoculation of each guinea pig 
in the next passage. Spleen may be em- 
ployed successfully instead of brain if taken 
on the second or third day of fever. The 
only evidence of infection with R. prowa- 
zeki to be observed grossly at the time 
of sacrifice of the guinea pig is a fibrinous 
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exudate over the surface of the spleen; 
this is a constant finding on first passage 
as well as in subsequent transfers. Direct 
smears made by scraping a few cells from 
the surface of the spleen just beneath this 
exudate, when stained appropriately, may 
contain a few large serosal cells in which 
rickettsiae are found. It is extremely diffi- 
cult to find cells containing rickettsiae in 
smears of spleen or tunica vaginalis in 
guinea pigs infected with classic epidemic 
strains unless the search is made on the 
first or second day of the febrile reaction. 
The fever may last for only two or three 
days, more commonly about a week, rarely 
longer than ten days. Guinea pigs survive 
typhus infection without sequelae unless 
the infecting dose is a massive one, e.g., 
large volume of infected yolk sac contain- 
ing billions of rickettsiae per cubic centi- 
meter; in such circumstances the incuba- 
tion period lasts only a few hours, and, in 
addition to fever, the animal may show 


~ enlargement of the scrotum and adhesions 


between the testes and the scrotal sac. This 
“tunica reaction” or “scrotal swelling” was 
first observed by Neill (1917) and further 
studied by Mooser (1928) ; the phenomenon 
is sometimes called the Neill-Mooser re- 
action. Although it may be observed in pigs 
infected with classic epidemic typhus, par- 
ticularly if numerous rickettsiae are present 
in the inoculum, the reaction is more com- 
mon in murine typhus. 

Guinea pigs do not develop a skin erup- 
tion as a consequence of typhus infection, 
but microscopic examination of the brain 
taken in the period from the third or 
fourth day of fever up to a few days after 
the end of the fever shows the presence of 
many vascular lesions similar to those 
found in the brains of man and monkeys. 
A serious disadvantage to the use of guinea 
pigs for the laboratory study of classic 
epidemic typhus is the fact that the only 
evidence of infection is obtained by taking 
the rectal temperatures daily for several 
weeks (Chart 27, curves I and II). Un- 
fortunately, fever is not a constant feature 
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of typhus infection in guinea pigs. Approxi- 
mately 5 per cent of guinea pigs inoculated 
with fully virulent material fail to exhibit 
a febrile response (Chart 27, curve III), 
although multiplication of the rickettsiae 
which were inoculated can be demonstrated 
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is unsuccessful, a phenomenon of value in 
differentiating murine from classic epidemic 
typhus. 

The white mouse undergoes only an in- 
apparent infection when inoculated by the 
intraabdominal route with most strains of 


Fic. 38. Microphotograph showing typhus rickettsiae inside and outside 
of cells. Macchiavello’s stain. X 2000, (Photograph by Dr. R. M. Allen.) 


by subinoculation from afebrile animals 
ten days to two weeks after infection. Even 
when 4 or 5 cc. of blood are used for each 
guinea pig, only 70 to 80 per cent of the 
attempts to isolate R. prowazeki from 
patients can be expected to be successful. 

The white rat is not susceptible to infec- 
tion with classic epidemic typhus in the 
usual sense; it undergoes only an inap- 
parent infection. An attempt to maintain a 
strain by serial passage in white rats usually 


classic epidemic typhus if the inoculum con- 
tains relatively few R. prowazeki. It is 
possible, however, to maintain a strain for 
several passages in mice by intraabdominal 
inoculation of brain suspensions. Intranasal 
inoculation of rich suspensions of R. 
prowazeki is followed by pulmonary con- 
solidation and death; strains have been 
maintained in mice indefinitely by passage 
in this manner (Durand and Giroud, 1940). 
Exposure of white mice to large doses of 
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X-ray increases their susceptibility, and 
small numbers of rickettsiae given by the 
intraabdominal route then produce a fatal 
infection within several days (Liu, Snyder 
and Enders, 1941). Intravenous or intra- 
abdominal inoculation of concentrated sus- 
pensions of living, fully virulent rickettsiae 
into normal white mice is followed in a 
few hours by death of the animals as a con- 
sequence of a “toxic” reaction (Gilde- 
meister and Haagen, 1940). 
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there was a period of some uncertainty as 
to the specific etiologic agent. The carefully 
controlled experiments of Wolbach, Todd 
and Palfrey (1922) served to eliminate all 
doubts as to the causative relationship of 
Rickettsia prowazeki to epidemic typhus. 

R. prowazeki exhibits remarkable vari- 
ation in its size and shape (Fig. 38). In 
smear preparations, rickettsiae appear as 
minute coccoid or rod-shaped organisms, 
frequently occurring in pairs, sometimes in 





Fic. 39. Electron micrographs, rickettsiae of epidemic typhus. Original 
magnification 8000, enlarged twice for reproduction, (Plotz, H., Smadel, 
J. E., Anderson, T. F., and Chambers, L. A., 1943, Morphological structure 
of rickettsiae. Journal of Experimental Medicine, 77, 358.) 


Various other species have been em- 
ployed in laboratory experiments with 
typhus, notably the cotton rat, Sigmodon 
hispidus hispidus (Snyder and Anderson, 
1942); the South African gerbil, Tatera 
brantsi (Gear and Davis, 1942) ; Egyptian 
gerbilles, Gerbillus gerbillus and Gerbillus 
pyramidum (Snyder, Zarafonetis and Liu, 
1945). Giroud (1938) studied skin lesions 
produced in rabbits by living as well as 
killed rickettsiae. The reader is referred to 
original articles for more details of the ex- 
perimental procedures involving these ani- 
mals. 


ETIOLOGY 


As a consequence of conflicting evidence 
bearing on the etiology of typhus (Plotz, 
Olitsky and Baehr, 1915) which followed 
the initial publications of Ricketts and 
Wilder (1910b) and von Prowazek (1914), 


long chains, and have a diameter of ap- 
proximately 0.3u. The organisms often have 
a bipolar appearance in stained preparations. 
Studies with the electron microscope (Fig. 
39) reveal that rickettsiae “in common 
with the elementary bodies of vaccinia virus 
and all bacteria would appear to have a 
limiting membrane which surrounds a sub- 
stance that seems to be protoplasmic in 
nature; numbers of dense granules are 
embedded in the inner protoplasm” (Plotz 
et al., 1943). It is difficult to stain R. 
prowazeki by Gram’s method: when it is 
possible, the organism is Gram negative. 
The method described by Macchiavello 


(1937) is the most satisfactory stain for 
rickettsiae. 


Directions for Macchiavello’s stain: Solu- 
tions: (A) 0.25 per cent basic fuchsin in 
distilled water; (B) freshly prepared 0.25 to 
0.5 per cent citric acid; (C) 1 per cent meth- 
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ylene blue in distilled water. Smears are 
fixed lightly in heat, stained for three to five 
minutes with freshly filtered fuchsin; the 
fuchsin is poured off the slide which is then 
quickly dipped in the freshly prepared citric 
acid solution; it is removed immediately and 
placed in a dish containing running tap water. 
The final step is the flooding of the slide with 
methylene blue which is poured off after a 
few seconds. The slide is then washed briefly 
in running tap water, and dried with a piece 
of filter paper. Rickettsiae are stained a bright 
pink or red against a bluish background. 


R. prowazeki is relatively labile and 
easily killed by the common antiseptics 
such as formalin, phenol, merthiolate, etc. 
Temperatures above 56° C. for 30 minutes 
result in its death. Viability may be re- 
tained in blood specimens at icebox tem- 
perature (+2° to +4° C.) for one or more 
days, but the organisms die in a few hours 
at room temperature or at 37° C. R. prowa- 
zeki in louse feces remains viable for 
several months if the temperature and 
humidity are low (Starzyk, 1936). Tap 
water, distilled water, and ordinary phys- 
iologic saline have a deleterious effect on its 
viability ; sterile skimmed milk or nutrient 
broth are more suitable for suspending the 
organisms (Topping, 1940; Anderson, 
1944a). They have remained alive in tissues 
stored in glycerol under some circumstances 
(Pinkerton, 1942). The most satisfactory 
method of preserving rickettsiae is the 
quick freezing in an alcohol-dry-ice mix- 
ture in a sealed glass ampoule with sub- 
sequent storage in a dry-ice cabinet (—76° 
C.); in this state rickettsiae retain their 
viability for at least three years (Snyder, 
1947b). Rapid thawing is important, how- 
ever, since slow return from the tempera- 
ture of —76° C. to room temperature 
results in complete loss of viability. Further- 
more, even brief periods of storage at tem- 
peratures between —5° and —20° C, after 
quick freezing in an alcohol-dry-ice bath 
likewise may result in loss of viability 
(Topping, 1947). Desiccation from the 
frozen state is satisfactory for storage of 
strains under appropriate circumstances 
(Topping, 1940). 
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Difficulty in obtaining large quantities of 
pure suspensions of typhus rickettsiae has 
impeded adequate chemical analyses. Frag- 
mentary the presence 
of carbohydrate-protein complexes, nucleic 
acid, and lipids (Castaneda, 1934; Cohen 
and Chargaff, 1944), 

Many attempts have been made to culti- 
vate RK. prowazeki in cell-free media with- 
out success. Human body lice were used for 


evidence indicates 


many years as a sort of tissue culture for 
the propagation of the organism (Weigl, 
1920; 1930). Cultivation in various types 
of tissue culture has been accomplished 
(Wolbach and Schlesinger, 1923; Nigg and 
Landsteiner, 1930; Kligler and Aschner, 
1934; Zinsser, Wei and FitzPatrick, 1938). 
Zinsser and Castaneda (1932a) were able 
to obtain large quantities of rickettsiae of 
the murine type from peritoneal washings 
of X-rayed rats. Castaneda (1939) showed 
that an abundance of rickettsiae could be 
obtained by the intranasal inoculation of 
rodents with murine typhus; his observa- 
tions were extended to the classic louse- 
borne strains by French workers (Durand 
and Giroud, 1940). The yolk-sac membrane 
of developing chick embryos was shown 
by Cox (1938; 1941; 1948) to be an ex- 
cellent medium for the cultivation of R. 
prowazeki and several other species of 
rickettsiae. In general, this technic is the 
most widely used at the present time. 
Material containing rickettsiae is inocu- 
lated directly into the yolk sac of a six or 
seven day old embryonated hen’s egg. After 
several days’ incubation at 35° to 37° C.,, 
the yolk-sac membrane is removed for ex- 
amination or for subsequent inoculation 
into other chick embryos. Such infected 
yolk-sac membranes may contain more 
than 10° viable rickettsiae per cc. Success- 
ful isolation of R. prowazeki from the blood 
or bone marrow of patients has been ac- 
complished by direct inoculation of blood 
or ground clot into developing chick em- 
bryos. Rickettsiae may be few or absent in 
stained smears of the yolk-sac preparation 
in the first few transfers, but become very 
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abundant in subsequent passages. An im- 
portant characteristic of R. prowazeki is 
its location only in the cytoplasm of cells, 
never within nuclei. This feature dis- 
tinguishes the typhus group from the 
spotted fever group, members of which do 
invade nuclei (Pinkerton, 1936). 

Infection with R. prowazeki evokes sero- 
logic responses in man and lower animals; 
specific antibodies can be demonstrated by 
fixation of complement, agglutination of 
rickettsiae, precipitin reactions, opsonic 
tests, and neutralization or protection tests. 
There is also a very important serologic 
test called the Weil-Felix reaction, the 
agglutination of Proteus OX 19 by sera 
of typhus patients. Weil and Felix (1916) 
obtained from the urine of a typhus patient 
a proteus strain which was agglutinated not 
only by the serum of the original patient 
but also by the sera of other typhus pa- 
tients. Further study of various strains of 
proteus revealed that the one now called 
OX 19 is the most suitable for diagnosis of 
typhus. This phenomenon has been the 
subject of much experimentation and 
numerous hypotheses have been advanced 
in its explanation. Although no etiologic 
relationship has been detected between 
strains of this bacterium and typhus fever, 
Castaneda (1934) demonstrated a carbo- 
hydrate antigen common to Proteus OX 19 
and to R. prowazeki. Although the Weil- 
Felix reaction occurs in more than 90 per 
cent of patients suffering from proven 
louse-borne typhus, the sera of typhus- 
infected guinea pigs and some other ani- 
mals fail to develop agglutinins for Proteus 
OX 19. 

Studies by Craigie and associates (1946), 
Fulton and Begg (1946), and Topping et 
al. (1945), demonstrated the existence of 
two components in R. prowazeki, a heat- 
labile component which is specific for R. 
prowazeki and a_ heat-stable component 
which is common to both R. prowazeki and 
R. mooseri. By repeated washing in a high- 
speed centrifuge (Plotz, Wertman and 
Bennett, 1943), the common antigen can 
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be reduced to a low concentration, resulting 
in a considerable increase in specificity of 
some rickettsial suspensions. 

Gildemeister and Haagen (1942) demon- 
strated that white mice succumbed a few 
hours after the inoculation of yolk-sac sus- 
pensions containing large numbers of 
murine typhus rickettsiae and that the 
toxic property of rickettsial suspensions 
was neutralized by sera of man and lower 
animals convalescent from typhus. Further 
studies by Topping and associates (1945), 
Hamilton (1945), and Craigie and associ- 
ates (1946) indicate that the toxic factors 
of murine and epidemic rickettsiae are im- 
munologically distinct. Toxicity is inti- 
mately associated with living rickettsiae; 
manipulations which reduce the numbers of 
living rickettsiae likewise reduce the toxic- 
ity of the suspensions. There is no evi- 
dence that a true exotoxin is concerned in 
this phenomenon. 


DIAGNOSIS 


Before the appearance of the characteris- 
tic rash, and on clinical grounds alone, it 
is impossible to assert with accuracy that 
a patient is suffering from typhus. The clini- 
cal picture of the early stage of several 
acute infectious diseases closely resembles 
that of epidemic typhus. Those which are 
likely to be confused with it are murine 
typhus, smallpox, relapsing fever, malaria, 
typhoid fever, meningococcic meningitis, 
measles and yellow fever. The appearance 
and evolution of the typhus rash serve to 
distinguish it from eruptions which are fea- 
tures of certain other acute infectious dis- 
eases. In differentiation of typhus from 
Rocky Mountain spotted fever it is helpful 
to recall that the rash in the latter disease 
ordinarily appears first on the exposed ex- 
tremities and then extends to the trunk, 
frequently involving the face, palms, and 
soles as well. The clinical diagnosis of epi- 
demic typhus is particularly difficult in 
children or in persons who have previously 
received antityphus vaccine. In such in- 
stances, the rash may be of very short dura- 
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tion or absent, the symptoms much less 
severe, and the duration of the fever as 
short as three to five days. 

Agglutinins for Proteus OX 19 appear in 
the sera of most typhus patients between 
the fifth and eighth days of illness. In a 
high proportion of cases, the titer rises 
to 1/160 or higher, often attaining values 
greater than 1/1,000 at the peak of the re- 
sponse which usually occurs in the third 
week of illness or in the first two weeks of 
convalescence. The Weil-Felix titer sub- 
sides to levels below 1/160 a few weeks after 
the end of the disease. In exceptional cases, 
repeated examination of a patient’s serum 
throughout the disease and early conva- 
lescence may reveal no rise in Weil-Felix 
titer, or the patient may succumb without 
a rise in titer being observed at any time. 
An infection caused by Proteus vulgaris 
gives rise to agglutinins against Proteus OX 
19. In rare instances, a person may be en- 
countered whose serum agglutinates Proteus 
OX 19, although he is not currently suffer- 
ing from typhus fever; if this is the case, 
the titer remains static, not exhibiting the 
rise and fall which is characteristic of the 
response to epidemic typhus. Felix (1944) 
has reviewed the data on the Weil-Felix test 
at length and concludes that a rise in titer 
from a low level (0 or 1/20) to more than 
double the original value is of diagnostic 
significance even though the highest titer 
is less than 1/160. Other writers stress the 
importance of the rise to values greater than 
1/160 before diagnostic significance is at- 
tained. The test can be performed with 
living or killed Proteus X 19 organisms, but 
care must be taken to use cultures which 
are in the “0” form. Slide Weil-Felix tests 
have been developed by Holt-Harris and 
Grubbs (1922), Castaneda and Silva (1938), 
and Brumpt (1943), which can be per- 
formed in three to five minutes at the bed- 
side. Different strains of proteus are used for 
diagnosis of other rickettsial diseases, prin- 
cipally OX 2 and OX K. The sera of typhus 
patients may show a slight rise in agglu- 
tinins for OX 2, but very rarely any for 
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OX K. (Reviews of literature: Felix, 1944; 
Zarafonetis, 1948; Wertman, 1948.) 

Karly experiments with antigens derived 
from infected lice indicated the presence of 
complement-fixing antibodies in the sera of 
typhus patients (Jacobsthal, 1917; Epstein, 
1922), Castaneda (1936b) prepared suspen- 
sions of rickettsiae from the peritoneal 
washings of X-rayed rats and demonstrated 
complement-fixing antibodies in human sera 
and in the sera of convalescent guinea pigs. 
Cox’s development (1938) of the yolk-sac 
technic for the cultivation of rickettsiae 
made it possible to prepare large amounts 
of antigen for serologic tests. Plotz, Wert- 
man and Bennett (1943) found that sus- 
pensions of rickettsiae derived from yolk 
sac after repeated washing gave specific 
antigens suitable for differentiation of anti- 
bodies of classic epidemic typhus from those 
of murine typhus in the sera of man and 
lower animals. Complement-fixing antibod- 
ies may be detected in the sera of patients 
as early as the fifth or the seventh day of 
illness; they increase in titer, reaching a 
peak in the first two or three weeks of con- 
valescence. After that, the titer usually falls 
slowly over a period of months to low values 
which may persist for years. Occasionally, 
titers may fall to zero a few weeks after the 
end of the disease. It may be difficult or 
impossible to differentiate epidemic typhus 
from murine typhus by complement-fixation 
tests on the sera of persons who have pre- 
viously been vaccinated with killed ricket- 
tsial vaccines (Plotz and Wertman, 1945; 
Zarafonetis et al., 1946; Smadel, 1948). 

Specific agglutination of rickettsiae by 
sera of typhus patients was demonstrated by 
Otto and Dietrich (1917) and Zinsser and 
Castaneda (1932b). The phenomenon was 
studied in greater detail (van Rooyen and 
Bearcroft, 1943; Stuart-Harris, Rettie and 
Oliver, 1943) when rich rickettsial suspen- 
sions were obtained by the technics of Cox 
(1938) and Craigie (1945). In general, the 
remarks made for the time of appearance 
of complement-fixing antibodies apply to the 
antibodies which agglutinate rickettsiae. 
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Castaneda (1945) has developed a slide 
technic for the specific agglutination of sus- 
pensions of rickettsiae at the bedside. (Re- 
view of subject : Smadel, 1948.) 

Tests for the presence of opsonins, pre- 
cipitins, and neutralizing antibodies are val- 
uable in the study of typhus, but are prac- 
ticable only for laboratories in which ex- 
tensive work with rickettsial diseases is in 
progress. Precipitins: Lim and Kurotchkin 
(1929) ; Topping and associates (1945). Op- 
sonins : Epstein (1922) ; Castaneda (1936a). 
Neutralization and protection tests: Gilde- 
meister and Haagen (1940) ; Giroud (1938) ; 
Clavero and Perez Gallardo (1943) ; Ander- 


son (1944b); Topping and _ associates 
(1945); van den Ende and _ associates 
(1946). 


The diagnosis of typhus may be estab- 
lished through the recovery of R. prowazeki 
by the inoculation of blood or of ground clot 
into guinea pigs or other rodents, or into 
fertile hens’ eggs. These procedures are diffi- 
cult and require experience. In order to 
establish definitely that R. prowazeki has 
been isolated from a patient, it is necessary 
to demonstrate the development of specific 
antibodies, the absence of cultivable bac- 
teria, the existence of reciprocal cross im- 
munity with known typhus strains, and the 
occurrence of specific pathologic lesions with 
typical intracellular rickettsiae. 


TREATMENT 


All persons who handle typhus cases 
should be vaccinated. To prevent lice from 
gaining access to their clothing, they should 
protect themselves carefully during the de- 
lousing of patients by the use of rubber 
gloves and surgical gowns. On admission to 
a hospital, a patient should be bathed with 
soap and water or one per cent solution of 
lysol, and his clothes should be promptly 
disinfected, preferably by heat. A patient 
at.d his hospital garments should be care- 
fully dusted with 10 per cent DDT delous- 
ing powder on admission to the wards and 
once a week thereafter until discharge. In 
order to disinfect and delouse a patient, it 
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was formerly required that his head and 
axillary and pubic regions be shaved; this is 
no longer necessary. After the disinfesta- 
tion procedures are completed, ordinary 
precautions are adequate. 

Skillful and diligent nursing is of great 
importance. Constant supervision is neces- 
sary to prevent a delirious patient from do- 
ing himself bodily harm. Stuporous patients 
or those in coma should be moved frequently 
from side to side to prevent bed sores. A 
rise of body temperature to 40.5° C. or 
above should be treated promptly by cold 
sponges. Oral hygiene is very important in 
the prevention of parotitis. Fluids should be 
administered at frequent intervals in ade- 
quate quantity to produce at least 1,500 
cubic centimeters of urine daily. A liquid or 
semisolid diet high in caloric content and in 
vitamins is desirable. Paraldehyde and 
chloral hydrate are valuable in the control 
of active delirium or restlessness, and are 
preferable to morphine for this purpose. 
Barbiturates should be avoided since some 
typhus patients appear to react unfavorably 
to them (Yeomans, 1947). Codeine may be 
required for the relief of headache. Digitalis 
and other drugs which act principally on the 
heart are rarely indicated. Oxygen by face 
mask or tent appears to make patients more 
comfortable when cyanosis is present, but 
it is doubtful whether oxygen admunistra- 
tion has done more than prolong life for a 
few hours in cases with deep cyanosis. Peni- 
cillin has antirickettsial activity in experi- 
mental typhus (Greiff, Pinkerton and Mora- 
gues, 1944), but clinical trials on a small 
scale were disappointing (van den Ende et 
al., 1946; Yeomans, 1947, and Topping, 
1947). However, penicillin is the drug of 
choice for the treatment of secondary bac- 
terial infections caused by organisms sus- 
ceptible to its action. Sulfonamide drugs 
either have no effect or may actuallly be 
harmful in the acute stage of typhus. Their 
use is contraindicated in patients who are 
receiving para-aminobenzoic acid. Strepto- 
mycin has not been tested clinically in 
typhus, although it has a slight beneficial 
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effect on the course of experimental typhus 
in embryonated eggs (Morgan, Stevens and 
Snyder, 1947). Plasma, isotonic albumin, 
or whole blood given promptly upon the 
first appearance of severe hypotension may 
avert renal damage. 

There are numerous reports concerning 
the use of a variety of immune sera for the 
treatment of typhus (Snyder, 1948). Anti- 
typhus horse serum (Zinsser, 1940; Wol- 
man, 1944; Durand and Balozet, 1944) may 
affect the course of typhus favorably if ad- 
ministered very early in the disease. The 
same statement applies to the use of hyper- 
immune antityphus rabbit serum (Le6n, 
1944; Yeomans, Snyder and Gilliam, 1945; 
Stevens, 1945). Such sera are expensive and 
are not generally available. 

Before the outbreak of World War II, 
no specific chemotherapeutic agent for 
classic epidemic typhus was known. In re- 
cent years, several compounds have been 
found which possess antirickettsial activity. 
The status of these substances in the treat- 
ment of typhus has been reviewed by Sny- 
der (1948). Para-aminobenzoic acid, or 
PABA, seems to offer the most promise. Its 
antirickettsial activity was discovered in- 
dependently by Snyder, Maier and Ander- 
son (1942) and by Greiff, Pinkerton and 
Moragues (1944). The first clinical trial of 
PABA was undertaken by Yeomans and 
associates in Egypt (1944). They reported 
a favorable influence of the drug on the 
course of classic, louse-borne typhus when 
treatment was begun in the first week of 
illness. Their observations were continued in 
1945; a summary of results in the treatment 
of 95 patients has been submitted by Snyder 
and associates (1947) in which three years’ 
experience with PABA is reviewed in detail. 
Statistically significant differences were ob- 
served as regards the duration of fever, in- 
cidence of complicating conditions, and case- 
fatality rate in a carefully studied group of 
20 PABA-treated and 19 alternate untreated 
Egyptian male patients, from 18 to 48 years 
of age. Mean age and mean duration of ill- 
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ness when admitted were identical in the 
treated and control groups. There was a 
significant correlation among the PABA- 
treated patients between the duration of 
illness before treatment was begun and the 
final clinical severity as indicated by dura- 
tion of fever and incidence of complications. 
In the untreated group, however, there was 
no such correlation. These results were ob- 
tained with early treatment; observations 
suggested that treatment begun later than 
the eighth day of illness would not disclose 
differences between treated and control pa- 
tients. A significant reduction in the per- 
centage of polymorphonuclear leukocytes 
was observed in the PABA-treated patients, 
but no difficulties were encountered from 
agranulocytosis. Patients tolerated the drug 
well, even those who were in very poor phys- 
ical condition as a result of malnutrition or 
complicating diseases. PABA treatment is 
feasible only when good nursing care and 
laboratory facilities for determination of the 
blood concentration of the drug, daily urin- 
alyses and white blood cell counts are avail- 
able. 


EPIDEMIOLOGY 


Classic epidemic typhus fever occurs prin- 
cipally in Korea, Japan, China, Indo-China, 
Serbia, Russia, Central Europe, North 
Africa, Egypt, Ethiopia, South Africa, Mex- 
ico, Guatemala, Colombia, Peru, Bolivia 
and Chile. The disease is more common in 
cold climates. Epidemics ordinarily reach 
their peak in late winter and taper off in the 
spring. Typhus thrives under conditions of 
human misery which predispose to an in- 
crease in louse infestation, such as crowding 
of people, lack of fuel, inadequate facilities 
for bathing, and weather so cold that the 
same garments are worn continuously day 
and night for months at a time. Persons of 
all ages are susceptible to typhus. In chil- 
dren under 15 years of age, the disease is 
mild; probably it occurs much more fre- 
quently in young children than has been re- 
ported. As age increases, the case-fatality 
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Taste 15. TypHus Fever IN NAPLES, DECEMBER 1943 To FEBRUARY 1944 
(Van den Ende and associates, 1946, p. 35) 
MALES FEMALES TotTaL Meeks 

YEARS CASES DEATHS CASES DEATHS CASES DEATHS PERCENTAGE 
Undernvcsi> Shee tag ee 20 1 18 (0) 38 : 
ST Se ee a ON SE oe 133 2 91 1 224 e 
OF 19 0 Ratan Aenea 221 9 166 10 387 19 ie 
21-29 . ; 105 11 108 10 213 21 Fe 
30-38 . 111 14 127 18 238 32 : 
30-47 ate 59 29 116 28 175 57 SZ. 
ASESOi TT eka ae. 43 18 56 19 99 ay) 36.3 
Pea i a eine ae 10 7 27 15 37 22 59.4 
i. a 2 2 8 3 10 5 ue 
ZS and OVEr .. Ane. sl 1 1 1 1 2 2 100. 
Gross . 705 94 718 105 1,423 199 13.9 





TaBLe 16. TypHus Fever, Carro, Ecypt, JaNuary 1943 to Aucust 1944 


(Ecke and associates, 1945, p. 451) 
eee 


MALEs FEMALES 

Morvatity MortTAatity 
AGES CASES DEATHS PERCENTAGE CASES DEATHS PERCENTAGE 
16-20) 728 2 ee .!. 1247 120 9.6 689 60 8.7 
BaZa 1363 208 15s2 586 61 10.4 
FATE RO eee eae in ane 988 Oe Paes 540 74 L334 
WES Ls a es 598 184 30.8 377 71 18.8 
SOB aor Fa ae 422 142 33.6 232 59 25.4 
ce ee ee 264 124 47.0 135 44 32.6 
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rate rises sharply, as shown in Tables 15 
and 16. In certain epidemics the case-fatal- 
ity rate has been greater in males than in 
females in the age groups from 20 to 50 
(Ecke and associates, 1945). There is con- 
siderable variation in the severity of typhus 
in different epidemics. Overall case-fatality 
rates for various epidemics range from less 
than 10 to more than 40 per cent. Very little 
is known of the relative resistance of differ- 
ent races of people to the disease, and the ef- 
fect of nutrition on resistance to the disease 
is not well understood. An attack of epi- 
demic typhus confers immunity which per- 
sists for many years. Second attacks have 
been recorded but they are rare. A person 
who has recovered from epidemic typhus is 
immune to murine typhus, and vice versa. 
R. prowazeki occurs in the blood of pa- 
tients during the febrile period ; the human- 
body louse becomes infected by sucking 


blood from them. Lice tend to leave a febrile 
patient in favor of persons with normal 
temperature. They quickly abandon a 
corpse and seek a new host. Whenever a 
louse bites, it makes a small puncture in the 
skin and defecates at the same time. Since 
the louse bite is irritating, the bitten person 
usually scratches and may thus rub the 
feces of the louse into the injured skin. 
Probably this is the usual way in which ty- 
phus infection is passed from man to man. 
It is also possible to become infected by 
crushing an infected louse on the skin, by 
rubbing infected louse feces into the eyes 
or by having dried infected louse feces gain 
access to the conjunctivae or to the mucous 
membranes of the respiratory tract. Once 
deloused and bathed, typhus patients are 
not capable of transmitting the infection to 
other persons by contact ; R. prowazeki does 
not occur in saliva, sputum, urine or feces 
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of patients unless blood is also present. With 
the exception of man and human lice, no 
animal or insect reservoirs of classic epi- 
demic typhus are known. 


ContTroL MEASURES 


The official recommendations of the 
American Public Health Association (1945, 
pp. 101-102) are as follows: 


A. The infected individual, contacts, and 
environment: 

1, Recognition of the disease and reporting. 

2. Isolation: After delousing, isolation in 
vermin-free room or hospital ward. 

3. Concurrent disinfection: Use of insecti- 
cide powders on clothing and bedding of pa- 
tients and contacts, and special treatment of 
hair for louse eggs (nits) according to special 
directions. 

4. Terminal disinfection: None. 

5. Quarantine: In the presence of lice, ex- 
posed susceptibles should be quarantined until 
15 days after last exposure. 

6. Immunization: Vaccines of various types 
have been prepared. Vaccines containing liv- 
ing rickettsias have been found dangerous. 
Several preparations have been made which 
utilize rickettsias killed usually by solution of 
formaldehyde or phenol. In the United States 
a vaccine is prepared by growing rickettsias 
in the yolk sac of the developing chick em- 
bryo. The resulting suspension after purifica- 
tion is inactivated by formalin. This vaccine 
is administered in 3 doses and confers con- 
siderable protection. The length of time for 
which it may be expected to give full pro- 
tection is not known. Re-immunization with 
a single dose should be given every few 
months where the danger of typhus is present. 
In vaccinated persons the risk of infection is 
reduced, the course of the disease modified, 
and the case fatality rate lowered. 

7. Investigation of source of infection: 
Every effort should be made to trace the 
source of infection to direct or indirect con- 
tact with a preceding case of the disease. 

B. General measures: Promotion of better 
living conditions, more frequent bathing and 
laundering, reduction in louse infestation. 

C. Epidemic measures: Organized and sys- 
tematic delousing, and vaccination of popula- 
tion groups, centering about households of 


infected persons. 


The above outline may be amplified in 
regard to immunization and louse control. 
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Both of these procedures are applicable to 
an individual as well as to a community. 
Vaccines developed for protection against 
an attack of classic epidemic typhus are 
of two sorts. In one, living murine rickett- 
siae, treated with certain agents in an effort 
to attenuate the organisms, are employed 
(Laigret and 1939; Blane and 
Baltazard, 1941). These living vaccines have 


Durand, 


been used on a very large scale for immu- 
nization of natives in French North Africa 
(reviewed by Biraud, 1943), but their use 
is not without danger, since they cause at- 
tacks of murine typhus; deaths have been 
recorded (Palacios, Chavez and Avendano, 
1935; Sadusk and Kuhlenbeck, 1946). The 
preferred type of antityphus vaccine con- 
tains killed R, prowazeki which cannot 
cause typhus, Adequate quantities of ric- 
kettsiae for such vaccines may be obtained 
from the intestines of human lice (da Rocha- 
Lima, 1918; Weigl, 1930), from rodent lungs 
(Castaneda, 1938; and Giroud, 
1940), from tissue cultures (Zinsser, Wei 
and FitzPatrick, 1938), and from the yolk- 
sac membrane of developing chick embryos 
(Cox, 1938, 1941, 1948; Craigie, 1945; Top- 
ping et al., 1945). The latter, known as the 
Cox-type vaccine, was produced on a tre- 
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mendous scale during World War II, and 
was administered to several million troops 
who were sent to areas where they might be 
exposed to epidemic typhus. Civilian popu- 
lations in certain of the danger zones were 
also given the vaccine. Cox-type vaccine 
probably reduces the incidence of the dis- 
ease in a group of exposed persons, but there 
are no data with satisfactory controls on this 
point. It has been definitely established, 
however, that it reduces the mortality from 
typhus practically to zero, The course of the 
disease in persons immunized with this vac- 
cine is milder and shorter than is that in 
unvaccinated persons; furthermore, the in- 
cidence of serious complications is sharply 
reduced, (References : Ding, 1943 ; Ecke and 
associates, 1945; Gilliam, 1946). 
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TABLE 17, EFFEcTs OF Cox-TYPE VACCINE 
ON Epipemic Typuus, Catro, Ecypt, 
1943 AND 1944 











NUMBER AVERAGE 








"ERAGE NUMBER 
OF PA- AVERAGI DURATION 
AGE OF DEATHS 
TIENTS* OF FEVER 
years days 
No vaccine 47 26 18 9 
Vaccinated? . 20 32 ANG 0 


* Figures refer to male Egyptian patients, ages 
18-48, studied in U.S.A. Typhus Commission ward in 
the Cairo Fever Hospital. 

yj Vaccinated: One or more doses of Cox vaccine, 
1 cc. each, more than 20 days before onset of illness. 
Average amount of vaccine this group, 2.5 cc. Average 
interval between last dose and onset, 2!4 months. 





In immunized American troops in World 
War II there were only 64 patients with 
mild epidemic typhus, all of whom recov- 
ered (Sadusk, 1947). The official recom- 
mendations for the Cox-type vaccine are two 
subcutaneous doses of 1 cc. each, separated 
by an interval of from 10 to 14 days, fol- 
lowed by a booster dose of 1 cc, at the be- 
ginning and in the middle of the typhus 
season (Sadusk, 1947). Before vaccinating 
with yolk-sac vaccine, persons should be 
asked if they are sensitive to egg proteins. 
If so, the use of the vaccine should be 
undertaken only with caution, since severe 
reactions may occur. 

After the role of the louse in typhus 
transmission was discovered, demonstrations 
of the efficacy of delousing in controlling 
epidemics were made in North Africa in 
1912 (Otto and Munter, 1930) and in Serbia 
in 1915 (Strong et al., 1920). At that time 
and until very recently, in order to be de- 
loused it was necessary for infested persons 
to remove all clothes, which were then sub- 
jected to heat while they bathed. When large 
groups were involved, this process was very 
cumbersome, expensive and time consuming. 
People objected to the damage done to their 
only garments, particularly if moist heat 
was employed. Furthermore, fuel and ap- 


THE TYPHUS FEVERS 


paratus were nearly always difficult to ob- 
tain under the conditions which fostered 
outbreaks of typhus. Moreover, reinfesta- 
tion of persons deloused by heat could, and 
usually did, occur immediately unless very 
careful segregation was achieved. 

The disadvantages of delousing by heat 
were eliminated in 1943, when various anti- 
louse powders were developed and methods 
devised (Wheeler, 1943; Soper and asso- 
ciates, 1945) whereby large numbers of 
people could be treated without removing 
their garments. The powders were shown to 
be effective when blown into the hair, up 
the sleeves, down the neck, and around the 
waist into trousers, The first antilouse pow- 
ders had pyrethrum as one of the principal 
ingredients. Such powders had certain dis- 
advantages. The supply of pyrethrum was 
limited, and the effect of the powder con- 
taining it was of relatively short duration. 
There was, therefore, an urgent need for a 
synthetic substance, easy to manufacture, 
safe to use on human skin, and lasting in 
its effect. The now famous insecticide, DDT, 
dichloro-diphenyl-trichloroethane, (Mooser, 
1942; Bishopp, 1945; Knipling, 1948) 
proved to be nearly ideal. DDT had been 
synthesized by a German student in 1874, 
but its usefulness was not appreciated until 
Swiss workers demonstrated its insecticidal 
properties (Wiesmann, quoted from Bish- 
Opp, 1945; Miiller, quoted from Mooser, 
1946). The most Satisfactory property of 
DDT is the persistence of its lethal effect 
on lice for more than two weeks after being 
dusted into the garments, or for more than 
four weeks after impregnation from an 
emulsion, Reinfestation of dusted persons 
was reduced to a negligible degree by this 
persisting effect of DDT. 

The final improvement in delousing tech- 
nic was the development of a power duster, 
a device consisting of an air compressor 
Which operates ten dust guns simultane- 


ously; the technic has been described by 
Greeley (1948). 
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MURINE TYPHUS (FLEA-BORNE) 


(Synonyms: Endemic typhus, urban or 
shop typhus of Malaya, flea typhus, rat 
typhus) 


INTRODUCTION 


Murine typhus is a relatively mild, acute 
febrile illness of 9 to 15 days’ duration, 
characterized by headache and macular 
rash. It is a natural infection of rats and 
mice transmitted sporadically to man by the 
rat flea, Xenopsylla cheopis. The etiologic 
agent is Rickettsia mooseri (Monteiro, 
1931). The case-fatality rate for all ages is 
approximately 2 per cent. 


History 


Murine typhus probably has occurred 
since ancient times, but only in recent years 
has it been differentiated from classic epi- 
demic louse-borne typhus. Although spora- 
dic cases of typhus in Europe had _ been 
referred to occasionally (McCrae, 1907), 
such reports received little notice. In the 
United States, sporadic cases of typhus were 
noted by Brill (1910), Lee (1912), and 
Paullin (1913). Hone (1922) described sev- 
eral isolated cases in Australia, and Wheat- 
land (1926) called attention to the occur- 
rence of a noncontagious typhuslike fever 
among the farm population in Queensland, 
at a time when a plague of mice afflicted 
the region. Sinclair and Maxcy (1925) and 
later Maxcy (1926; 1929) investigated cases 
of “endemic” typhus in southeastern United 
States. On epidemiologic grounds, Maxcy 
(1929) postulated that a reservoir of the 
disease other than man exists and men- 
tioned that rats and mice might serve as 
such a reservoir. He also mentioned that 
fleas, mites or ticks might be the vectors. 
The epidemiologic evidence for postulating 
a separate variety of typhus was strength- 
ened by observations of differences in the 
pathologic features (Wolbach and Todd, 
1920) and in the characteristics of strains 
isolated from the sporadic cases of typhus 
in Mexico. Neill (1917) observed that male 
guinea pigs inoculated with typhus strains 
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obtained from Mexico exhibited enlarge- 
ment of the scrotal sac and adhesions of the 
testes. Mooser (1928) reported that certain 
strains of typhus rickettsiae isolated from 
patients in Mexico not only caused the 
tunica reaction in male guinea pigs, but also 
multiplied profusely in the serosal cells 
over the testes. The tunica reaction of 
guinea pigs has been referred to as the 
‘“Neill-Mooser reaction’ and the cells 
packed with rickettsiae as “Mooser cells.” 
The final steps proving the existence of a 
second variety of typhus were made by 
Dyer, Rumreich and Badger (1931) who 
isolated rickettsiae from rat fleas in Balti- 
more, and by Mooser, Castaneda and Zins- 
ser (193la) who found the typhus agent 
in brains of rats trapped in Mexico City. 
The disease was then named murine typhus 
to indicate its presence as a natural infec- 
tion of rats (Mooser, 1932). It was promptly 
sought for and found in most parts of the 
world (Biraud and Deutschman, 1936). 
Biologic differences between typhus strains 
isolated from rats or fleas and those isolated 
from patients suffering from classic louse- 
borne epidemic typhus were demonstrated 
by Zinsser and his colleagues (references 
cited by Zinsser, 1940; Mooser, 1945). The 
two varieties of typhus were further char- 
acterized by application of serologic tech- 
nics (references cited by Smadel, 1948) and 
by cross-vaccination experiments in which 
killed typhus rickettsiae were used in ani- 
mals (Topping et al., 1945; Craigie et al., 
1946; Snyder, 1947b). 


CLINICAL PICTURE 


Murine typhus in man is similar to clas- 
sic louse-borne typhus. In the absence of 
epidemiologic and laboratory data, it is im- 
possible on the basis of clinical findings 
alone to determine whether a patient is 
suffering from murine typhus instead of 
classic typhus. However, murine typhus is 
relatively mild with a negligible mortality 
except in persons more than 50 years old. 
The onset is likely to be more gradual than 
that of classic typhus, the symptoms less 
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severe, the rash shorter in duration, and the 
skin lesions less numerous. The central 
nervous system, the myocardium, and the 
kidneys are less severely involved. Compli- 
cations, e.g., parotitis, necrosis of the skin, 
gangrene of the extremities, otitis media, 
furunculosis, azotemia and_ bronchopneu- 
monia, occur infrequently. The temperature 
curve usually shows wider fluctuations than 
that of classic typhus. The febrile period is 
terminated by rapid lysis after 9 to 14 days. 
Recovery is prompt without sequelae. Lab- 
oratory data are similar to those described 
for classic typhus, except that abnormal 
findings tend to be slight or absent in 
murine typhus. Clinical features are de- 
scribed in detail by Maxcy (1926), Miller 
and Beeson (1946), and Woodward (1948). 


PatHotocic Picture 


The pathology of murine typhus in man 
probably is similar to that of classic epi- 
demic typhus. However, there is a paucity 
of data on this point, since very few post- 
mortems have been reported in cases of 
proven murine typhus. 


EXPERIMENTAL INnFeEcTION ; Host RANGE 


Murine typhus occurs as a natural infec- 
tion of rats and mice. It is transmitted from 
rat to rat either by the rat louse, Polyplax 
spinulosus (Mooser, Castaneda and Zinsser, 
1931b), or by the rat flea, Xeno psylla 
cheopis (Dyer, Rumreich and Badger, 
1931). Transmission from rat to man is 
attributed to X. cheopis. The infection in 
man is an accidental occurrence, uncon- 
cerned in the maintenance of the infection 
in nature. Some observers (Zinsser, 1937) 
regard the present evidence sufficient. to 
establish the fact that murine typhus may 
be spread from man to man in epidemic 
form by the human body louse (Mooser, 
1945). Many species in addition to those 
mentioned are susceptible to murine ty- 
phus: monkeys, donkeys, cats, squirrels, 
deer mice, voles, gerbilles, cotton rats, 
guinea pigs, developing chick embryos, cat 
fleas, tropical rat mites, etc.: see articles by 
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Wolbach (1940) and Philip (1948). 

The rat flea, X. cheopis, becomes in- 
fected by feeding on a rat which is in the 
acute phase of an infection. The rickettsiae 
multiply in the cells of the flea without 
causing damage to the host. Once infected, 
the flea continues to discharge rickettsiae 
in its feces for the duration of its life. Blanc 
and Baltazard (1941) have described a 
method for production of a vaccine utilizing 
the rickettsiae in the feces of the infected 
fleas. Other species of fleas, notably Pulex 
irritans, are susceptible, but their reaction 
to typhus infection has not been thoroughly 
studied. When human body lice are experi- 
mentally infected with murine typhus, the 
resulting disease is similar in all respects to 
the infection caused by classic epidemic 
strains (Mooser, 1945). Whether lice ac- 
quire murine typhus under natural condi- 
tions is Open to question. 

Murine typhus can be established in 
guinea pigs by intraabdominal inoculation 
of the blood of a patient by the method 
described for classic typhus. The infection, 
once established in serial passage in these 
animals, has an incubation period of from 
three to seven days. The temperature curve 
often exhibits fluctuations but tends to Stay 
at or above 40° C. for several days. The 
fever is usually accompanied by enlarge- 
ment of the scrotal sac of male guinea pigs, 
reddening of the skin of the scrotum, and 
adhesions between testes and tunica vagi- 
nalis. This “tunica reaction” is quite dis- 
tinct from the more severe “scrotal reac- 
tion” caused by spotted fever. In the latter, 
necrosis of the scrotal skin often occurs. 
When an animal is sacrificed on the first or 
second day of the tunica reaction, two 
phenomena are observed at necropsy: the 
spleen is covered by a thin coat of fibrin 
which may cause the spleen to adhere to the 
abdominal wall, and the testes may show 
adhesions and a few small subserosal hem- 
orrhages. Smear preparations from the sur- 
face of the testes, peritoneum, or spleen 
contain numerous rickettsiae, intracellular 
and extracellular in location. Transfer to 
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other guinea pigs is accomplished by re- of the animals in three to eight days. 
moving the spleen, grinding it in a mortar Enormous numbers of rickettsiae are found 
with sterile sand or alundum to a 10 per in the peritoneal exudate of moribund mice. 
cent suspension in a suitable diluent; after 
gross particles are removed by light cen- 
trifugation, the supernatant suspension in 
1 or 2 cc. amounts is inoculated intraab- 
dominally into fresh normal male guinea 
pigs. An alternate method of transfer is the 
use of a suspension obtained by shaking the 
testes in a flask with glass beads and 20 to 
30 cc. of a suitable diluent. The materials 
prepared in this manner on the first or sec- 
ond day of the tunica reaction contain at 
least 10* viable rickettsiae per cc. It is a 
common observation that during the hot 
summer months, murine typhus tends to 
lose its distinguishing features in guinea 
pigs, but in the cold months the fever and been named Rickettsia mooseri (Monteiro, 
tunica reaction reappear. Great reliance was 1951) in honor of Mooser, and is similar to 
formerly placed on the tunica reaction of - prowazeki as regards size, shape, staining 
guinea pigs as a means of differentiating properties, and resistance to chemical and 
between the classic epidemic and the physical agents, but exhibits less pleomor- 
murine varieties. More extensive experience Phism. Antigenic composition has been de- 
has shown that occasionally classic strains scribed in the section on etiology under 
may produce the tunica reaction, and, con- Classic typhus. R. mooseri has been culti- 
versely, that a murine strain may fail to vated in the yolk-sac membrane of develop- 
cause it. Specific serologic tests and cross- ing chick embryos with considerable success 
vaccination experiments now provide such (Cox, 1938). 
reliable and rapid differentiation between 
epidemic and murine strains that the tunica 
reaction of guinea pigs is no longer relied 
upon to distinguish one variety from the phus cannot sting , 
other. clinical grounds in individual cases. Since 
Murine typhus may be maintained in- 
definitely by passage in white rats, whereas 
classic strains die out after a few passages. States, Mexico, South America, probably 
Murine rickettsiae usually multiply pro- India), it may be emphasized that the rash 
fusely in the cells of the peritoneum and of typhus appears on the: body. Hurst, sa 
may cause fever and scrotal swelling, but spreads to the extremities, wnETORS 2 
the animals recover as arule. An important spotted fever the reverse Is true. The rash 
feature of the murine infection in rats is the of the latter disease has a greater tendency 
persistence of viable rickettsiae in the brain to be papular and to become petechial A 
for several months (Philip, 1948). Large hemorrhagic. Isolation of R. mooseri a = 
doses of R. mooseri may produce death of accomplished by inoculation of ici rats 
white mice within a few hours as a conse- or guinea pigs with the blood _ a eats 
quence of their toxic properties (Gilde- Comments in the aia ne ee ae 
meister and Haagen, 1940). Slightly smaller in regard to use of grounc c ot app : 2 . 
doses cause extensive peritonitis with death well to murine typhus. Direct isolatior 


Inocula containing relatively few R. mooseri 
render mice immune within three weeks to 
toxic and infective doses of the organism. 
Rats and mice, as well as sheep, dogs and 
rabbits, may be infected by the intranasal 
route and succumb in a few days with ex- 
tensive pneumonitis. This procedure has 
been utilized for vaccine production. Irra- 
diation of white rats and cotton rats with 
deep X-ray greatly increases the multiplica- 
tion of murine typhus rickettsiae in them. 


ETIOLOGY 


The causative agent of murine typhus has 


DIAGNOSIS 


Classic epidemic typhus and murine ty- 
be distinguished solely on 


murine typhus may exist in the same regions 
with Rocky Mountain spotted fever (United 
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murine typhus strains by inoculation of 
human blood into developing chick em- 
bryos, although entirely feasible, has not 
been reported. The Weil-Felix reaction oc- 
curs in murine as well as in classic typhus. 
The complement-fixation test, the aggluti- 
nation of rickettsiae, and the neutralization 
of toxic properties have been discussed in 
the section on classic typhus. There are no 
important differences between the two types 
of typhus in regard to the time of appear- 
ance, peak of occurrence, or persistence of 
the various antibodies. Sera of animals and 
man in convalescence from attacks caused 
by proven murine typhus strains usually 
have higher titers against homologous than 
against heterologous antigens. Sera of pa- 
tients who contract murine typhus after 
having received killed vaccine of the epi- 
demic type may show no difference in titer 
when tested against the two antigens (Plotz 
and Wertman, 1945; Zarafonetis et al 
1946). 
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TREATMENT 


Treatment of murine typhus differs in no 
important respect from that described for 
classic epidemic typhus. The mildness of 
the disease and its slower onset tend to 
delay its clinical recognition until the opti- 
mum period for administration of para- 
aminobenzoic acid has passed. It is doubtful 
whether use of this drug will yield convinc- 
ing results unless it is given very early in 
the illness and in adequate amounts to pro- 
duce a blood concentration continuously 
above 10 mg. per cent (Snyder et al., 1947). 


EPIDEMIOLOGY 


Murine typhus is world-wide in distribu- 
tion. In the United States, the reported 
cases from 1931 to 1945 (Table 18) indicate 
an increase in prevalence which seems to be 
of greater magnitude than can be accounted 
for on the basis of improved diagnosis. 
Maximum incidence occurs in the summer 
and fall months. 
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TABLE 18. MuRINE TYPHUS IN THE 
UNITED STATES 


YEAR CasEs* DeaTHSst 
O38 1s, a te Dee 332 22 
19365... eo eee A BP EZ 
LO4D ee ae oe ee eet 2,787 135 
1945).00%. cn eee a 19S 214 


* Cases have been reported from more than three- 
fourths of the states. In the entire United States, from 
1931 through 1946, approximately 42,000 cases were 
reported. 

{ Figures taken from Supplements to Public Health 
Reports, U. S. Pub. Health Service. 








Persons of all ages are susceptible. Al- 
though there appear to be fewer cases in 
negroes than in white people, this may be 
attributable in part to difficulty in recog- 
nizing the rash in dark-skinned individuals. 
Persons of both sexes are equally suscepti- 
ble to the illness. The most important factor 
influencing the occurrence of murine typhus 
in human beings is residence or occupation 
in areas where rats abound. Although the 
disease often involves only one member of 
a household, it may appear in several occu- 
pants of a dwelling. The usual manner in 
which the infection is transmitted to man 
is as follows: at the time an infected flea 
sucks blood, it deposits feces which may be 
scratched into the wound made by the bite. 
There are other possible modes of infection, 
for example, infected flea feces may gain 
access to the conjunctivae or mucous mem- 
branes of the respiratory tract ; experiments 
with volunteers have shown that murine 
typhus can be contracted by the ingestion 
of viable R. mooseri (Pollard et al. 1946) ; 
it is possible that cases may be caused by 
eating food recently contaminated by the 
urine of infected rats. A patient suffering 
from murine typhus cannot transmit the 
infection to other persons by contact: R. 
mooseri does not occur in the Sputum, feces 
or urine unless gross blood is also present. 
An attack of the disease results in immunity 
which persists for many years. 

As knowledge of the differences between 
classic epidemic typhus and murine typhus 
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has accumulated, it has become evident that 
both types are present in Mexico, and that 
classic epidemic strains are frequently iso- 
lated in that country from patients (Varela 
and Zozaya, 1945). Moreover, complement- 
fixation tests on sera of residents of Mexico 
indicate the preponderance of the classic 
infection in that region (Silva-Goytia, 
1944). The term ‘Mexican typhus”, there- 
fore, is ambiguous and should be avoided. 

The relationship of murine to classic epi- 
demic typhus has been the subject of much 
speculation. One theory postulates that 
murine typhus is the more ancient disease 
as shown by the fact that the two principal 
hosts of R. mooseri, the rat and the rat flea, 
undergo no harmful effects from their inti- 
mate association with it. By contrast, R. 
prowazeki causes a serious illness in man 
and a fatal infection in the louse. These 
facts have been taken as evidence that, from 
the evolutionary viewpoint, the association 
of man and human lice with typhus rickett- 
siae is relatively recent. According to this 
theory, then, epidemics of classic typhus 
may arise whenever a case of murine typhus 
occurs in a heavily louse-infested commu- 
nity (Mooser, 1945; 1946). This theory has 
not been proved. 


ConTrROL MEASURES 


The official recommendations of the 
American Public Health Association (1945, 
pp. 102-103) are as follows: 


A. The infected individual, contacts, and 
environment: 

1. Recognition of the disease and report- 
ing. 

2. Isolation: Unnecessary. 

3. Terminal disinfection: None. 

4. Quarantine: None. 

5. Immunization: It may be possible to 
prepare killed vaccine against murine typhus 
somewhat after the technics employed with 
the epidemic typhus virus, but as yet there 
is no definite evidence as to its efficacy. 

6. Investigation of source of infection: 
Rodents about place of occupation or home. 

7. Rodent control: In and about the prem- 
ises where the patient was infected. 

B. General measures: Rodent control. 
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Measures for protection of individuals 
against murine typhus, such as the wearing 
of flea-proof garments, are impracticable. 
Vaccines containing killed R. mooseri afford 
protection in laboratory tests, but it is 
batable whether vaccination of man is 


de- 
ad- 
visable as a control measure, except for 
persons who are frequently exposed to the 
infection. More data are needed in regard 
to the efficacy of murine vaccine for human 
use. It should be emphasized that, although 
an attack of epidemic typhus _ protects 
against murine typhus and vice versa, vac- 
cines made from dead rickettsiae satisfac- 


torily protect only against homologous 
strains. To achieve protection against 


murine typhus, vaccines should be made 
with R. mooseri, not R. prowazeki. Consid- 
erable progress in the control of murine 
typhus on a community-wide basis has been 
made in three directions: (1) rat proofing 
of buildings; (2) reducing flea populations 
through the use of DDT on rat runs; and 
(3) poisoning of rats with alpha naphthyl 
thiourea and other rodenticides. It is im- 
portant to note that the use of DDT should 
precede the poisoning campaign in order 
to kill potentially infected fleas before their 
hosts are poisoned. Otherwise there may 
be a temporary increase in cases of murine 
typhus (Davis, 1947; Bradley and Wiley, 
1948). 


BRILL’S DISEASE 


In 1898, Brill noted the occurrence in 
New York City of a disease resembling 
typhus fever. Cases continued to appear 
sporadically in that city (Brill, 1910) and 
elsewhere (Lee, 1912). Anderson and Gold- 
berger (1912) transmitted the infection to 
monkeys and demonstrated reciprocal 
cross immunity with a strain of classic 
epidemic typhus. Brill’s disease, as this 
relatively mild form of typhus was called, 
was not associated with human body lice. 
As first described, it seemed to appear 
chiefly among Jewish immigrants from 
southeastern Europe. However, in the pe- 
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riod preceding the recognition of murine 
typhus as a natural infection of rats trans- 
mitted sporadically to man by the rat flea, 
it was customary to refer to all sporadic or 
endemic cases of typhus as Brill’s disease. 
Zinsser’s studies (1934) led him to conclude 
that the term Brill’s disease should not be 
applied to murine typhus, but should be 
restricted to the disease occurring in immi- 
grant groups. His studies of three strains of 
rickettsiae isolated from Brill’s disease in- 
dicated their close resemblance to those 
recovered from epidemic typhus instead of 
those from murine typhus. He found no 
evidence to justify the assumption that the 
cases were transmitted by rat fleas. His 
hypothesis was that Brill’s disease is a re- 
crudescence of typhus in individuals who 
have suffered an attack of the classic dis- 
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ease many years previously while residing 
in those areas of Europe where epidemic 
typhus has occurred for centuries. Plotz 
(1943) found that the sera of 23 patients 
with Brill’s disease gave higher titers in the 
complement-fixation test with classic epi- 
demic antigen than with murine antigen, an 
observation which supports Zinsser’s hy- 
pothesis. Other observers incline to the view 
that Brill’s disease is murine typhus (Top- 
ping, 1947). If Zinsser’s hypothesis is found 
to be correct, it would offer an explanation 
for the appearance of cases of classic typhus 
in areas free from the disease for months 
or even years; a person in a louse-infested 
community who suffered a recrudescence of 
classic typhus could serve as the source of 
infection for his lice and thus initiate an 
epidemic. The problem requires further 
study. 
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The Spotted-Fever Group 


In addition to Rocky Mountain spotted 
fever of the United States, the spotted-fever 
group includes other tick-borne or mite- 
borne diseases such as boutonneuse fever of 
the Mediterranean region, Brazilian spotted 
fever, Tobia fever of Colombia, Choix or 
pinta fever of Mexico, Kenya fever, and 
possibly South African tick-bite fever, 
rickettsialpox, North Queensland tick ty- 
phus and some of the tick-borne rickett- 
sioses of India and Russia. 


ROCKY MOUNTAIN SPOTTED 
FEVER 
(Synonyms: Mountain fever, typho-ma- 
laria fever, Bull fever, black fever, blue 
disease, spotted fever) 


INTRODUCTION 


Rocky Mountain spotted fever is an 
acute, endemic, infectious, febrile disease. 
The causative agent is Dermacentroxenus 
rickettsi (Wolbach 1919), (Rickettsia rick- 
ettsi, Brumpt, 1927; Rickettsia brasiliensis, 
Monteiro, 1931; Rickettsia typhi, do Amaral 
and Monteiro, 1932). The only known 
means of natural transmission to lower ani- 
mals or to man is through the medium of 
infected ticks. 

HIsTORY 

Rocky Mountain spotted fever was first 
recognized in the Rocky Mountain region 
of the United States. The first account in 
the literature (Maxey, 1899) described the 
disease as “an acute, endemic, non-conta- 
gious but probably infectious, febrile dis- 


ease, characterized clinically by a continu- 
ous moderately high fever, severe arthritic 
and muscular pains, and a profuse petechial 
or purpural eruption in the skin, appearing 
first on the ankles, wrists and forehead, but 
rapidly spreading to all parts of the body.” 
Wilson and Chowning (1902) made an in- 
vestigation of the disease and claimed an 
erythrocytic parasite, Piroplasma hominis, 
to be the causative agent. They suggested 
that the disease was transmitted by the bite 
of the wood tick Dermacentor andersoni. 
The first transmission of the disease to 
guinea pigs and monkeys by inoculation 
with infected human blood was achieved by 
Howard Taylor Ricketts in 1906 (1906a). 

In the same year Ricketts (1906b) and 
King (1906) independently showed that the 
disease was transmitted by the wood tick,* 
and in the following year Ricketts (1907a) 
demonstrated the occurrence of naturally 
infected ticks in the Bitter Root Valley of 
Montana, These data, together with epi- 
demiologic findings, were conclusive evi- 
dence of the part the wood tick plays in 
causing human infection, Later, Ricketts 
(1907c) showed that the infectious agent 


* Ricketts (1907b) reported that the first experi- 
ments performed with the purpose of showing a possi- 
ble relationship of the wood tick to spotted fever 
were done on human subjects but were not formally 
reported by the authors. Thus, Doctors McCalla and 
Brereton of Boise, Idaho, infected two individuals in 
series by the bite of a tick which they had removed 
from one of their patients. These experiments were 
unknown to Ricketts (1906b) and King (1906) at the 
time they conducted their experiments, although the 
studies of McCalla and Brereton antedated theirs by 


more than a year. 
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acquired by either of the immature stages 
was carried through to adult ticks and that 
from at least a certain proportion of in- 
fected females the infection was transmitted 
through eggs to their progeny. In 1909, 
Ricketts described the micro-organism of 
the disease in smears prepared from the 
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tion of fever and the time of appearance 
and location of the rash. Attacks range from 
mild ambulatory and abortive forms to rap- 
idly terminating fatal infections. The fatal- 
ity rate varies in different regions. 

The following description is based on the 
appearance of the disease as it occurs in 
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Cuart 28. Temperature and pulse-rate curves of a typical case of Rocky Moun- 
tain spotted fever before the introduction of treatment by para-aminobenzoic acid 
and serum. (Dr. R. R. Parker, Rocky Mountain Spotted Fever Laboratory, U. S. 
Public Health Service, Hamilton, Montana.) 


blood of man, monkey and guinea pig and 
from tissues of the tick. In 1910, Ricketts 
and Wilder showed by cross-immunity ex- 
periments that Rocky Mountain spotted 
fever and typhus fever are separate and 
distinct diseases. In 1919, Wolbach pub- 
lished the results of his careful etiologic and 
pathologic studies and named the etiologic 
agent Dermacentroxenus rickettsi. Wolbach 
differentiated between this organism and 
nonpathogenic organisms in ticks, and was 
the first to demonstrate the intranuclear 
multiplication of the rickettsiae in tick 
tissue, 


CLINICAL PrcturRE 


fn many of its general aspects, Rocky 
Mountain spotted fever resembles typhus, 
the chief differential points being the dura- 


nonvaccinated adults, In vaccinated persons 
and young children, attacks are frequently 
mild and atypical. The incubation period 
ranges from 2 to 12 days but averages 6 or 
7 days. The actual onset, like that of 
typhus, may be preceded by a few days of 
ill-defined symptoms—listlessness, loss of 
appetite and headache, Onset is commonly 
abrupt with chills, profound prostration 
and a rapidly rising fever that continues to 
mount into the second week. Myalgia and 
arthralgia are marked and in the more 
severe forms epistaxis may occur early. Re- 
missions of 1 to 3 degrees (F.) are observed 
in morning temperatures. The fever termi- 
nates by rapid lysis, usually at about the 
end of the third week, although mild cases 
may become afebrile before the end of the 
second week. Chart 28 shows temperature 
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and pulse-rate curves of a typical case of 
Rocky Mountain spotted fever. 

A distinctive rash usually appears on the 
third or fourth day which resembles the 
slight mottling seen in early measles. This 
fades shortly to be followed by typical, 
rose-red, maculopapular lesions character- 
ized by first appearing on the ankles and 
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are common and include headache, restless- 
ness, insomnia, confusion and coma; de- 
lirium occurs in severe cases. In fulminating 
cases, Coma usually precedes death, which 
commonly occurs around the end of the 
second week of illness, Convalescence is 
slow even in the mild cases and complete 
recovery, particularly from severe infection, 


Fic. 40. Typical rash on a patient suffering from Rocky Mountain spotted fever. 
(Dr. R. R. Parker, Rocky Mountain Spotted Fever Laboratory, U. S. Public Health 


Service, Hamilton, Montana.) 


wrists and rapidly spreading to the legs, 
arms and chest. The palms and soles and 
at times even the face and scalp become 
involved. The abdomen is the last and least 
affected. Early in the course of the disease, 
the spots are less pronounced during morn- 
ing remissions of fever but become progres- 
sively more distinct each day until they are 
definitely petechial in all but the mildest 
types of infection (Fig. 40). In severe cases 
the spots are confluent, deep red or purplish 
in color and often necrotic. In convalescence 
the rash is brownish, and branny desquama- 
tion occurs over the more heavily involved 
areas, 

There are no significant hematologic 
changes. The white cell count usually does 
not exceed 15,000 per c.mm. but may go 
is high as 30,000. Nervous manifestations 


may require several months and sometimes 
even a year or longer. Disturbances of sight, 
hearing and mental acuity are not uncom- 
mon, and various symptoms associated with 
vascular damage may be observed. It is gen- 
erally considered that persons having re- 
covered from spotted fever are more or less 
permanently immune, 


PATHOLOGIC PICTURE 


The distinctive gross features are those 
related to the distribution and character of 
the lesions of blood vessels in the skin and 
subcutaneous tissues. Extensive hemorrhages 
in the scrotal tissues, often with necrosis, 
and similar lesions of the testes and their 
appendages are the most characteristic gross 
findings in man. The spleen is always 
enlarged, several times the normal size, and 
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is firm, Microscopic examination reveals 
that lesions are practically limited to the 
peripheral blood vessels, including those of 
the external genitalia, In the beginning, a 
proliferative lesion is apparent in the vas- 
cular endothelium; polymorphonuclear leu- 
kocytes may or may not play a part, 
depending upon the degree of intensity of 
the reaction before thrombosis occurs, Fol- 
lowing thrombosis, polymorphonuclear leu- 
kocytes are necessarily present. The degen- 
erative changes found in the endothelial 
cells and in the smooth-muscle cells of the 
media result from a direct injury caused by 
the rickettsiae. The general reaction to the 
infection is shown by endothelial cell accu- 
mulation in the blood vessels of the lung, 
liver, spleen and lymph nodes, Lillie has re- 
ported (1941) that the pathologic picture 
of spotted fever in the Rocky Mountain 
area and in the eastern United States is 
essentially the same. 

According to Wolbach (1919), one fea- 
ture of spotted fever, which cannot be too 
strongly emphasized, is that it may be du- 
plicated exactly in experimental animals. 
The histologic character of individual le- 
sions in the brain of infected guinea pigs 
does not differ appreciably from that found 
in typhus, but in spotted fever a higher 
proportion of the focal lesions are found 
in the pons, medulla, midbrain and cere- 
bellum, Guinea pigs sacrificed for examina- 
tion at the height of infection show edema 
and hemorrhages in the skin and subcu- 
taneous tissues of the scrotum, Blood ves- 
sels of the skin are finely injected, but 
generalized hemorrhages do not occur ; 
hemorrhage and necrosis of the skin occur 
only in the scrotum, paws and ears. Inguinal 
and axillary lymph nodes are swollen and 
reddened, The spleen is from three to five 
times larger than normal and is dark red 
and firm; occasionally there is a very thin, 
translucent layer of fibrin upon its surface. 
The most striking changes are found in the 
testes and adnexa. The former are swollen 
and markedly injected, usually with minute 
hemorrhages in the tunica at both poles. 
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The polar fat is discolored and shows small 
hemorrhages. The cremasteric muscles and 
parietal tunicae are deep red, often hemor- 
rhagic, and both are adherent to each other 
and to the testes. Small hemorrhages are 
practically constant in the epididymis. Late 
in the course of the disease, the testes be- 
come adherent to the scrotum, and the sub- 
cutaneous tissues surrounding the anus and 
scrotum are thickened and hemorrhagic. 
The central nervous system may be in- 
jected, but shows no gross lesions. 


EXPERIMENTAL INFECTION ; Host RANGE 


Man is an incidental victim to spotted 
fever and is in no way responsible for the 
maintenance of the infection in nature, 
which is due largely to ticks and the wild 
rodents on which they feed. Animals serving 
as hosts to D. andersoni, and believed re- 
sponsible for maintaining the infection in 
nature, are the tree squirrel, ground squir- 
rel, snowshoe rabbit, jack rabbit, cottontail 
rabbit, chipmunk, pack rat, wood rat, 
meadow mouse, deer mouse, weasel and 
marmot, It may be significant, as pointed 
out recently by Jellison (1945), that in the 
United States a close geographic relation- 
ship exists between spotted fever and one 
species of cottontail rabbit, Sylvilagus nut- 
talli. Thus far no naturally infected animal 
has been found in the United States, al- 
though it seems quite likely that Hassler, 
Sizemore and Robinson (Parker, Kohls and 
Steinhaus, 1943) isolated the infectious 
agent from a pocket gopher, but the strain 
was lost before it could be identified with 
certainty. Most of the natural hosts show 
only inapparent infections with no diag- 
nostic gross lesions or distinctive febrile 
reactions and seldom die. In Brazil, the 
opossum, rabbit and guinea pig have been 
found naturally infected, while the capy- 
bara, Brazilian plains dog, coati and certain 
bats are also susceptible to experimental 
infection. The bats, Histiotus velatus and 
Hemiderma perspicillatum, die with typical 
lesions, 
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Most large domestic animals are insus- 
ceptible. However, Badger (1933) found 
dogs and sheep mildly susceptible to experi- 
mental infection. Older dogs showed no 
clinical manifestations although virus was 
recovered from their blood on the fourth. 
sixth and eighth days after inoculation. A 
grown dog, reared in an endemic spotted 
fever area, was apparently immune, A 
puppy reacted with fever and respiratory 
symptoms, and virus was recovered from 
its blood on the fourth day. Infected 
D. andersoni were fed on two puppies 
which, after incubation periods of five and 
six days, respectively, developed clinical 
signs of illness, and rickettsiae were re- 
covered from the blood of each, Rickettsiae 
were recovered from the blood of a young 
sheep on the fourth, sixth, eighth and tenth 
days after inoculation. Magalhaes and 
Rocha (1942) not only found dogs suscep- 
tible to experimental infection with Brazil- 
ian spotted fever but also found them 
naturally infected. 

Of the common laboratory animals, the 
guinea pig is the most suitable for experi- 
mental purposes. After inoculation of blood 
from human patients the temperature usu- 
ally does not rise until three or more days 
have passed, and generally a few passages 
in guinea pigs are required before the in- 
cubation period becomes fixed at two or 
three days (Chart 29), The febrile period 
lasts from 5 to 14 days. Death, which 
usually occurs with well established strains 
on the sixth to eighth day of fever, is pre- 
ceded by a sudden drop in temperature to 
subnormal (Chart 29). If a guinea pig re- 
covers, its temperature begins to drop at 
the end of seven or eight days, and grad- 
ually reaches normal within three to six 
days. The first sign of the disease in male 
guinea pigs is swelling and reddening of 
the scrotal skin on the third or fourth day 
of fever (Chart 29). At this time an animal 
shows signs of discomfort, loss of appetite 
and roughening of the coat. The scrotal re- 
action may develop into a necrotic condi- 
tion, followed by sloughing and subsequent 
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healing with scar formation. Necrosis and 
sloughing of the foot pads and ears also 
occur frequently. Rabbits rarely die of the 
disease, although they develop fever and 
may show ear and scrotal reactions similar 
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a guinea pig infected with the Bitter 
Root strain of Rocky Mountain 
spotted fever. 


to those seen in guinea pigs. Rabbits de- 
velop antibodies detectable by the Weil- 
Felix reaction, The course of the disease in 
monkeys may be very rapid with early 
death occurring with very virulent strains. 
Monkeys frequently develop a rash on the 
face, over the lower back and on the thighs. 
Swelling and redness of the scrotum is com- 
mon, Necrosis of the occurs. 
Monkeys, like rabbits, develop antibodies 
detectable by the Weil-Felix reaction. 
White rats are moderately susceptible. 
White mice are relatively insusceptible. 


eers also 


ETIOLOGY 


According to Wolbach (1919), the dis- 
tribution and morphology of D. rickettsi 
are identical in the tissues of man, monkey, 
rabbit and guinea pig. In tissue sections, 
the rickettsia is a minute organism, fre- 
quently occurring in pairs and often sur- 
rounded by a very narrow but definite clear 
zone, or. halo, as if encapsulated. Often the 
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distal ends of the pairs are tapered, so that 
they resemble minute pneumococci. The 
rickettsiae average about 1 uw in length 
and from 0.2 to 0.3 w in width. They 
are best stained by special methods; with 
Giemsa stain the rickettsiae take a purplish 
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1932); often the entire nucleus becomes 
distended with organisms. There is a defi- 
nite peripheral condensation of the nuclear 
chromatin, similar to that seen in associa- 
tion with the intranuclear inclusions of 
certain virus diseases. According to Pinker- 


Fic. 41. Photograph of stained preparation of yolk-sac material 
from infected chick embryo. X 1,245. 


tinge, with the Castaneda method they take 
a light blue appearance, whereas with the 
Macchiavello method they stain red. Figure 
41 shows rickettsiae in a stained smear. 
Like other rickettsiae, D. rickettsi is Gram- 
negative. All attempts to cultivate D. rick- 
ettst on artificial media have been unsuc- 
cessful, but they do grow readily in tissue 
cultures and in the chorio-allantois and 
yolk sac of the developing chick embryo. 
The striking feature of D. rickettsj in 
plasma tissue cultures is its apparent pref- 
erence for the cell nuclei where they grow 
in compact clusters (Pinkerton and Hass, 


ton (1942, p. 62), the “multiplication of 
parasites within the nuclei of their host 
cells is a very unusual occurrence. Exclud- 
ing ‘virus bodies’ like those of herpes, the 
only definite micro-organisms other than 
D. rickettsi which exhibit this phenomenon, 
are relatively large protozoa, such as Karyo- 
phagus salamandrae, which is a parasite 
of the salamander.” The unique intra- 
nuclear localization of D. rickettsi was used 
by Pinkerton (1936) in the classification of 
atypical strains which gave ambiguous 
cross-immunity — reactions. Spotted-fever 
rickettsiae do not pass Berkefeld V, N or 
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W candles, or Seitz filter pads, They are 
killed in a few minutes by exposure to moist 
heat at 50° C. or to chemical agents, and 
in a few hours by desiccation at room tem- 
perature. Red and white blood cells from 
infected guinea-pig blood retain their in- 
fectivity even after repeated washings. At 
room temperature guinea-pig blood retains 
its infectivity for only about a week. but 
in a cold room it remains infectious for 
about two weeks, Infected guinea-pig brain 
and spleen suspended in glycerol stored in 
sealed containers at —7° C., or in a dry-ice 
box, remain infectious for periods ranging 
up to a year, 


DIAGNOsIS 
In spite of the commonly expressed 
opinion that spotted fever is an easily 
recognized infection, errors in diagnosis 


may be made even by those familiar with 
the disease, Often it is not possible to diag- 
nose clinically the very mild infections or 
the fulminating types. Furthermore, in 
areas where both spotted fever and murine 
(endemic) typhus are prevalent, an addi- 
tional difficulty is encountered because of 
their clinical similarity, 

The laboratory tests ordinarily used for 
diagnosis are the infection test, the Weil- 
Felix reaction, the protection or virus- 
neutralization test and the complement- 
fixation test. In the infection test male 
guinea pigs are inoculated intraperitoneally 
with blood from a suspected patient. Clotted 
blood, plasma, serum, or preferably whole 
citrated blood, may be used. Once the dis- 
ease is established, it may be maintained 
by inoculating normal guinea pigs intra- 
peritoneally with blood, splenic tissue or 
testicular washings taken from an infected 
pig on the second or third day of fever. 
By establishing the disease in guinea pigs, 
it is possible to apply cross-immunity tests 
with known strains of spotted-fever rickett- 
siae or other infectious agents. 

The Weil-Felix reaction, that is testing 
a patient’s serum for agglutinins against 
Proteus OX-19, aids in limiting the prob- 


SPOTTED FEVER 499 


able diagnosis to the rickettsial group of 
diseases, but it is of no aid in differentiating 
spotted fever from typhus, In testing for 
the Weil-Felix reaction, it is desirable that 
at least two blood samples be used: one 
taken as soon as spotted fever is suspected. 
the other between the twelfth and fifteenth 
day after onset. The first sample is seldom 
diagnostic and is valuable chiefly as a refer- 
ence point in determining whether there is 
a subsequent rise in titer, A titer of less 
than 1:320 cannot be considered definitely 
diagnostic. In the majority of sera the titers 
for OX-19 agglutinins are highest, but occa- 
sionally, particularly with sera from pa- 
tients in certain areas of Wyoming (Parker, 

1938), those for OX-2 agglutinins are fie 
est. The Proteus agglutinins usually appear 
toward the end of the second week of the 
disease, but occasionally they do not appear 
until early convalescence: in some patients 
none is produced. 

According to Parker (1938), the protec- 
tion or virus-neutralization test is nearly 
always of diagnostic value, As performed in 
his laboratory, ‘duplicate mixtures are pre- 
pared, each containing 0.5 cc, of serum and 
0.1 cc., 0.25 cc, and 0.5 cc. of serum virus, 
respectively.” The mixtures are held at 
room temperature for 30 minutes and then 
injected intraperitoneally into guinea pigs. 
Control animals receive the same amount of 
serum virus mixed with normal serum, The 
most consistent results are obtained with 
blood samples taken in convalescence, al- 
though some sera taken during lysis show 
definite neutralizing capacity, The neutrali- 
zation test is of greater value than the 

agglutination reaction in testing blood 

specimens from relatively mild cases and 
may give even better results than the infec- 
tion test. 

The complement-fixation test is an addi- 
tional laboratory aid and has a distinct 
advantage over the Weil-Felix reaction in 
that it is highly specific and may be used 
to differentiate spotted fever from epidemic 
typhus, murine typhus, Q fever, scrub 
typhus and boutonneuse fever. Satisfactory 


500 


antigens may be prepared from rickettsiae 
cultivated by the agar-tissue culture method 
of Zinsser, FitzPatrick and Wei (1939), or 
by the yolk-sac method of Cox (1938). 
Spotted-fever and boutonneuse-fever rick- 
ettsiae contain soluble antigens which give 
cross-fixation respectively with bouton- 
neuse-fever or spotted-fever antisera. How- 
ever, the soluble antigens may be removed 
by subjecting the rickettsiae to repeated 
washings and the resulting washed rickett- 
siae provide highly specific antigens (Plotz, 
Reagan and Wertman, 1944). Van _ der 
Scheer, Bohnel and Cox (1947) have 
prepared purified soluble antigens from 
spotted-fever rickettsiae which are highly 
specific and give little or no fixation with 
syphilitic human sera. 

The Weil-Felix reaction and the protec- 
tion test are of no value in testing for long- 
past infections. The agglutinin titer for 
Proteus strains falls rapidly after recovery 
is complete, and it is unusual for a patient’s 
serum to show neutralizing capacity a year 
after illness. On the other hand, comple- 
ment-fixing antibodies usually appear dur- 
ing the second week of illness and persist 
for at least six or eight years. Shepard and 
Topping (1946) carried out complement- 
fixation tests using spotted-fever antigen 
and dog sera collected from various parts 
of the country and obtained high titers with 
sera procured from dogs in known spotted- 
fever areas, 


TREATMENT 


In the early days, the only treatment for 
spotted fever was symptomatic. Metaphen, 
sulfanilimide, sulfapyridine and penicillin, 
have been tried with no clean-cut evidence 
of benefit. The sulfonamide compounds are 
not only useless, but in all probability 
harmful. Sulfonamide-treated guinea pigs 
died sooner than did the untreated controls 
(Topping, 1939). Numerous reports in the 
literature describe attempts to produce a 
Satisfactory immune serum for treatment. 
The most promising work along these lines 
is that of Topping (1943), who used hyper- 
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immune sera prepared in rabbits by inject- 
ing them with living rickettsiae derived 
from infected ticks or yolk sacs. The results 
obtained in a few patients indicate that 
serum treatment reduces the case-fatality 
rate if it is administered before the third 
day of rash, Another promising line of 
attack has been the work of Harrell, Ven- 
ning and Wolff (1944) who showed that a 
very severe form of peripheral circulatory 
collapse develops in spotted fever and that 
the “toxic” condition is strikingly similar 
to early “shock” associated with functional 
capillary damage produced by burns, bac- 
terial toxins or other substances. Because 
of the widespread vascular lesions, plus 
Starvation, there is a tremendous loss of 
circulating body fluids and protein, with 
lowering of the blood chlorides, elevation 
of the nonprotein nitrogen of the blood and 
actual or potential development of circula- 
tory collapse. They believe that intravenous 
therapy is not harmful but, on the contrary, 
definitely indicated provided it is properly 
chosen. It should include plasma and whole 
blood in adequate quantities, in addition to 
glucose, salts, vitamins and amino acids, 
and should be controlled by careful labora- 
tory studies. The most recent development 
has been the use of para-aminobenzoic acid 
(PABA) in the treatment of spotted fever, 
based on the original work of Snyder, Maier 
and Anderson (1942) who showed that in 
white mice its oral administration reduced 
the mortality from experimental murine 
typhus infection, PABA has been reported 
to give favorable results in spotted-fever 
infected guinea pigs (Anigstein and Bader. 
1945) in chick embryos (Hamilton, 1945) 
and in human beings (Rose, Duane and 
Fischel, 1945). Ravenel (1947) has outlined 
a comprehensive plan for treatment which 
includes the maintenance of a high blood- 
protein level by means of high protein diet, 
plasma, serum albumin and blood; a high 
intake of vitamins; restoration of electro- 
lyte balance by intravenous injections of 
dextrose in saline or lactate-Ringer’s solu- 
tion; and the administration of from 0.5 to 
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1.0 Gm. of PABA per pound body weight 
per day. The PABA is partially buffered 
with 10 cc. of 5 per cent solution of sodium 
bicarbonate per gram in order to prevent 
acidosis and nausea and is given at two- 
hour intervals, A blood level of from 30 to 
60 mg. of PABA per 100 cc. is desirable, and 
a level of 60 to 80 mg. may give better 
results. Administration of the drug should 
be continued for several days after the tem- 
perature has returned to normal. Proper 
precautions must be taken in the use of 
PABA, since it is toxic and can produce 
acidosis, leukopenia, abdominal distention 
and delirium, 


EPIDEMIOLOGY 


Until 1930, spotted fever was thought to 
be confined to the northwest mountainous 
sections of the United States, although a 
case had been reported in Indiana in 1925, 
At present the disease is reported from 43 
states, the exceptions being Maine, Ver- 
mont, Rhode Island, Connecticut and Mich- 
igan, It has also been recognized in Canada 
(British Columbia, Alberta, and Saskatche- 
wan) and in parts of western and central 
Mexico. In South America, it is known to 
exist in Brazil (States of Sado Paulo, Rio 
de Janeiro and Minas Gerais), in Colombia 
(Cundinamarca and Santander del Sur), 
and possibly in Venezuela. In Brazil, the 
disease has been called exanthematic typhus 
of Sao Paulo or Minas Gerais typhus, 
whereas in Colombia it was originally desig- 
nated as Tobia fever. In the United States, 
an average of about 480 cases are reported 
yearly (1939-1946); in Brazil, 663 cases 
were reported for the period 1929-1942 (Bol. 
Oficina sanitaria panamericana, 1944); in 
Canada, only 12 cases were recorded be- 
tween 1919 and 1939 (Gibbons, 1942). 

In the western United States, most cases 
are reported in April and May, the season 
of prevalence of D. andersoni. In sections of 
higher altitudes, such as Wyoming and 
Colorado, the danger period may extend 
into the summer. Occasional cases have 
been reported during the late summer, fall 
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and even winter months. In the eastern 
United States, most cases occur during the 
summer, the season of greatest activity of 
D. variabilis. In the West, most cases occur 
in adult males since they, through voca- 
tional pursuits, are more exposed to tick 
bites, Persons living in livestock-range 
areas, and particularly those handling 
sheep, are in greatest danger, Other groups 
affected include forest-service personnel, 
highway-construction workers, — railroad- 
section hands, prospectors, miners, trap- 
pers, hunters, fishermen, campers and tour- 
ists. In the West, only a relatively small 
percentage of the cases occurs in city dwell- 
ers, due, no doubt, to the fact that D. ander- 
soni is generally found in areas removed 
from habitation and ordinarily does not 
infest domestic animals. On the other hand, 
in the East a high percentage of infections 
is among children and women. This may be 
due in part to the fact that the vector in the 
East, D. variabilis, infests the dog, a house- 
hold pet. 

The virulence of the infection varies with 
the locality and is correlated in any selected 
area with the maximum level of virulence 
of the strain of rickettsia in the local tick 
population, In the Bitter Root Valley of 
Montana, the death rate for nonvaccinated 
adults averages about 80 per cent, and for 
children about 37.5 per cent. A high case- 
fatality rate also prevails in other parts of 
western Montana, in certain areas of Wyo- 
ming and Oregon, in all affected portions 
of northern Idaho, and along the extreme 
eastern edge of Washington. In other areas 
of the West, the case-fatality rate varies 
with a minimum of at least 10 per cent 
(Parker, 1938). On the average, however, 
spotted fever in the East is just about as 
fatal as it is in the West. In comparing data 
for a 10-year period (1930-1939 inclusive) 
Topping (1941) reported that the crude- 
fatality rate for Idaho and Montana was 
28.1 per cent, while for Maryland and Vir- 
ginia it was 18.4 per cent. Little difference 
was found in the fatality rates when the 
two areas were compared on basis of age. 
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In the western states, one-half of the cases 
(50.2 per cent) occurred in persons aged 
40 years or over, while in the eastern states 
this was practically reversed with the 
largest number (46.8 per cent) occurring in 
persons under 15 years of age. As already 
indicated, in the East the incidence among 
females (39.4 per cent) was considerably 
higher than in the West (16.5 per cent). 

Extensive bionomic studies have been 
confined almost exclusively to D. andersoni, 
but the following short outline of the dis- 
tribution of known vectors and of those 
shown experimentally to be capable of 
transmitting spotted fever will serve to in- 
dicate the wide dispersal of such species 
and the threat they represent to man 
(Steinhaus, 1946; Philip, 1939; Parker, 
Philip and Jellison, 1933; Spencer and 
Parker, 1923; Davis, 1939, 1943a, 1943b: 
Patino-Camargo, 1941; Parker, 1938: 
Parker, Kohls and Steinhaus, 1943), Ticks 
found infected in nature are: in the United 
States—Dermacentor andersoni, D. varia- 
bilis, Amblyomma americanum, Haema- 
physalis leporis-palustris, Ixodes dentatus, 
Rhipicephalus sanguineus; in Brazil— 
Amblyomma cajennense, A. striatum, A, 
ovale, A. brasiliensis (also Cimex rotun- 
datus, C. lectularius); in Colombia— 
A, cajennense ; in Mexico—R. sanguineus, 
A, cajennense ; in Canada—D. andersoni. 
Ticks shown experimentally capable of 
transmission are: in United States—A. ca- 
jennense, A. striatum, D., occidentalis, 
D. parumapertus marginatus, D. albipictus, 
Ornithodoros parkeri, O. hermsi, O. nicollei, 
O. turicata, O. rudis ; in Colombia—Otocen- 
tor nitens, Ornithodoros rudis, O. parkeri, 
O. turicata, D. andersoni, 

D. andersoni is found throughout the 
Rocky Mountain region and ad jacent areas. 
Rickettsiae may be found in all stages, 
including the egg, and survive to the adult 
Stage; they may be transmitted during 
copulation, and infected females pass them 
to their progeny. So far as is known, the 
only way in which the rickettsiae survive 
the winter is in infected nymphs and adult 


THE SPOTTED-FEVER GROUP 


ticks. Developmental forms feed on a great 
variety of rodents and certain small car- 
nivores, many of which are susceptible to 
spotted fever. Adult ticks mainly infest 
large wild and domestic animals but are 
also found on jack rabbits and porcupines. 
Ticks are active during spring and early 
summer, but at higher altitudes their ac- 
tivity may occur at later periods of the 
year. The life cycle is normally completed 
in two years. Adult ticks bite man readily, 
and occasionally nymphs have been found 
attached on children. 

D. variabilis is found in the Great Plains 
region extending eastward to the Atlantic 
coast and occurs sporadically in California 
and south-central Oregon. To the south it 
reaches into Mexico. In Canada it occurs 
eastward from southern Manitoba and has 
been reported in Labrador. Developmental 
forms feed on rodents, but certain species 
of mice are apparently more favored, Adults 
occur in abundance on dogs although they 
also feed on deer, cattle and other large 
domestic and wild animals. Nymphs en- 
gorge over a period of months and have 
been found feeding even during the winter. 
Adult ticks appear in late spring and re- 
main active longer during the summer than 
does D. andersoni, The importance of this 
tick lies in its close contact with human 
habitation ; the adult tick bites man readily. 

H. leporis-palustris occurs throughout the 
United States extending northward to cen- 
tral Alaska and the southern end of Hudson 
Bay and southward into South America. 
Its importance to spotted fever does not 
depend on its direct connection with man 
whom it does not attack, but upon the fact 
that by feeding on rabbits it supplies a 
possible source of rickettsiae for the im- 
mature forms of D. andersoni and D. vari- 
abilis feeding simultaneously on the same 
host-rabbit. In the northern United States 
it is prevalent from early spring to early 
fall but in the South its period of activity 
is considerably extended. Under favorable 
conditions its life cycle is completed in one 
year. H. leporis-palustris consistently car- 
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ries an extremely mild strain of spotted- 
fever rickettsia with which in laboratory 
animals only inapparent, immunizing infec- 
tions are produced. The possibility of dis- 
semination of infected rabbit ticks by birds 
should also be given consideration, since 
certain ground birds and meadow larks are 
not uncommon hosts of this tick. 

R. sanguineus, while most prevalent in 
the Gulf Coast states, has been found in 
Massachusetts, Ohio and Minnesota. It has 
been found naturally infected in the United 
States (Anigstein and Bader, 1943) and in 
Mexico (Bustamente, Varela and Ortiz- 
Mariotte, 1946). In Europe this species 
commonly attacks man, but in the United 
States there are few records of any forms 
having been found on hosts other than dogs. 

Among the other species of ticks listed, 
A, americanum, A, cajennense, and D, occi- 
dentalis are of importance because they are 
parasites of man. A. americanum is preva- 
lent in the southern states around the Gulf 
Coast, occurs in southeastern and south- 
central parts of the United States and has 
been reported in Labrador and in South 
America as far down as Argentina. It feeds 
on a variety of wild and domestic animals, 
on certain species of birds, and develop- 
mental forms may also parasitize man. 
A, cajennense is found in southern Texas 
and Florida and is abundant in Mexico, 
Central America and parts of South Amer- 
ica. It is a natural carrier of spotted fever 
in Brazil and Colombia. Recently Busta- 
mente and Varela (1946) reported that 
it had been found naturally infected in 
the State of Veracruz, Mexico. It at- 
taches to a wide variety of mammals, in- 
cluding man, as well as to some carnivores 
and certain wild and domestic fowl. Its lim- 
ited distribution in the United States is 
fortunate, since it is in all stages a vicious 
parasite of man. D. occidentalis, although 
limited in distribution, is nonetheless im- 
portant because it could convey spotted 
fever to man, and, in addition, will hybri- 
dize with D. andersoni (Cooley, 1938). It 
infests most domestic animals, deer and 


503 


rabbits, and the developmental forms prob- 
ably feed on rodents. D. parumapertus has 
thus far been found almost exclusively on 
rabbits but occasionally has been collected 
on deer, coyote and man. Its chief impor- 
tance, having been shown to be a capable 
experimental carrier, would be its convey- 
ance of spotted fever to rabbits on which 
developmental forms of known vectors of 
the disease were feeding, D. parumapertus 
is found mainly in southwestern areas of 
the United States which thus far are of 
minor importance in the epidemiology of 
spotted fever, but in the northern regions 
its distribution overlaps that of D. ander- 
soni and in the West and Northwest both 
that of D. occidentalis and of D. variabilis. 

In 1923, Spencer and Parker reported 
that it was unwise to rely upon feeding or 
inoculation alone as an index of the pres- 
ence of spotted-fever rickettsiae in unfed 
adult ticks. However, inoculation was ap- 
parently the most reliable technic for test- 
ing ticks that had been fed recently, When 
infected, unfed ticks were inoculated into 
guinea pigs, no frank infection resulted, but 
many of the animals subsequently were 
found to be immune to spotted fever. The 
transition of the virus from a nonvirulent 
immunizing phase to a virulent, infection- 
producing phase brought about by the in- 
gestion of fresh blood was called “reacti- 
vation.” As Spencer and Parker (1923) 
pointed out, “it is not known whether this 
transition is due to multiplication of the 
virus, to development of a possible distinct 
stage in its life cycle, to renewal of virulence 
following a period of attenuation, or per- 
haps to some other unrecognized condition 
initiated by the ingestion of fresh mam- 
malian blood.” The “reactivation” phe- 
nomenon explains why ticks do not infect 
unless they have been attached and have 
fed for several hours. Ricketts (1907a) 
observed an immunizing phase of rickett- 
siae in tick eggs. Spotted fever was pro- 
duced by the injection of from 5 to 80 eggs 
recently laid by infected female tick. How- 
ever, with eggs that had been dried for 
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four months, immunity instead of fever de- 
veloped. Spencer and Parker (1923) like- 
wise produced immunity in guinea pigs by 
injecting into them comparatively fresh 
eggs from an infected rabbit tick H. leporis- 
palustris, 

Spencer and Parker (1930) showed that 
tick rickettsiae would produce infection of 
guinea pigs through the unabraded skin and 
uninjured conjunctival sacs, and suggested 
that infection in man in this way is a dis- 
tinct possibility and doubtless occurs occa- 
sionally. Infection in such a manner could 
occur if an infected tick is crushed between 
the fingers when handpicking ticks from 
horses, cattle, dogs or other domestic ani- 
mals, or when handling tick-infested small 
animals (rabbits, ground squirrels, etc.) 
that had been trapped or shot. Fresh tick 
feces are also infectious, but the rickettsiae 
in feces are much less virulent than in tick 
tissue and apparently will not infect through 
unabraded skin. However, both tick tissue 
and tick feces can produce infection through 
an abrasion. Dried tick feces rapidly lose 
their infectiousness so that infection via 
the respiratory tract by dry air-borne feces, 
such as happens with louse feces in epi- 
demic typhus, is not likely. 


CoNTROL MEASURES 


Control of the spotted-fever vectors has 
not proved feasible. There are two ways of 
preventing infection: first, personal care: 
second, vaccination. 

Under personal care are included avoid- 
ance of tick-infested areas, the wearing of 
suitable clothing so as to minimize the pos- 
sibility of tick bites, and the early removal 
of ticks that become attached to the body. 
Known infested areas should be avoided as 
far as possible during the tick season ; how- 
ever, this is not possible for many persons 
living in affected areas. Furthermore, any 
area in which a tick vector is present is 
potentially dangerous and the areas in 
which the disease is known to exist are 
constantly expanding. It is important to 
wear proper apparel (high boots, leggings 
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or socks worn outside the trouser legs) so 
that ticks will find it more difficult to be- 
come attached. If one spends much time in 
tick-infested country, some ticks will reach 
the body in spite of all precautions, and the 
body and clothing should be examined fre- 
quently for ticks. Ticks seldom attach at 
once, and since they rarely transfer infec- 
tion until they have fed for several hours, 
examinations made twice daily are gen- 
erally sufficient. It is best to remove at- 
tached ticks immediately either with small 
forceps or with a piece of paper held be- 
tween the fingers. The hands should be 
thoroughly washed with soap and water 
after handling ticks. There is little danger 
of leaving the mouth parts of the tick in 
the wound. The wound itself should be 
treated as any other abrasion, There is 
nothing characteristic which will distinguish 
the bite of an infected tick from that of 
a noninfected one. Thus far there is no 
proved satisfactory repellent which can be 
placed either on the clothing or on the body 
to prevent tick attachment. 

A vaccine made from the tissues of in- 
fected ticks (D. andersoni) is prepared and 
distributed by the Rocky Mountain Labo- 
ratory, United States Public Health Service, 
Hamilton, Montana. A similar type of 
spotted-fever vaccine made from infected 
A. cajennense is prepared at the Butantan 
Institute, Sao Paulo, Brazil. A second type 
of vaccine is prepared from rickettsiae 
grown in the yolk-sac tissue of fertile hens’ 
eggs (Cox, 1941). This vaccine is prepared 
at both the above named institutions, as 
well as at the Central Laboratory of the 
Department of Health, Nicteroi, State of 
Rio de Janeiro, Brazil, and by various com- 
mercial manufacturers of biologics in the 
United States. Evidence from animal ex- 
periments, and from use in human beings, 
indicates that the yolk-sac and tick vac- 
cines are of comparable value in their 
immunizing capacity. It is recommended 
that these vaccines be given either subcu- 
taneously or intramuscularly in three injec- 
tions of 1 cc. each, or in two injections of 
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2 cc. each, at five to seven day intervals. 
They should be administered in the spring 
or early summer before the advent of the 
tick season and should be repeated each 
year, since the maximum degree of protec- 
tion conferred is retained for less than a 
year, The vaccines have definite protective 
value, The degree and duration of immunity 
vary with the individual vaccinated and 
with the virulence of regional strains of 


spotted fever. The vaccine usually affords 


full protection against relatively mild 
strains, but is apparently less effective 


against more virulent ones. Most children 
are fully protected against even the highly 
fatal types of spotted fever, whereas adults 
are fully protected only occasionally. How- 
ever, in the latter the degree of protection 
is sufficient to modify the severity of the 
disease and to insure recovery in practically 
all cases. It is questionable whether the vac- 
cine is of value after infection has been 
acquired; it is of no value in treatment 
after onset of signs of illness. Cox (1941) 
reported on the development of an avirulent 
strain of spotted-fever rickettsiae derived 
from D. variabilis by continued passage in 
the yolk sac and suggested that it might 
prove of value for immunization of human 
beings. 


BOUTONNEUSE FEVER (FIEVRE 
BOUTONNEUSE) 

(Synonyms: Fiévre  escharonodulaire, 
exantheme typhoide estival, dothien- 
dermie aigué, exantheme infectieux 
épidémique, exanthematous fever, erup- 
tive fever, Marseilles fever, fever of 
Conor and Bruch) 


INTRODUCTION 


Boutonneuse fever is a tick-borne, acute, 
febrile disease characterized by an almost 
constant appearance of maculopapular erup- 
tion on palms and soles, and a tdche noire 
(black spot) usually at the site of the tick 


bite, 
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Conor and Bruch (1910) first described 
the disease as a clinical entity, and the 
name they proposed for it has been retained 
although it is not descriptive of the rash. 
After their publication of what was then 
believed to be an endemic disease of Tunis. 
analogous cases were reported from various 
regions of the Mediterranean basin, Olmer 
first postulated that the infection was trans- 
mitted by the bite of dog ticks (Rhipiceph- 
alus sanguineus) which was later confirmed 
by other investigators. 


CLINICAL PICTURE 


The incubation period generally is from 
five to seven days, although occasionally it 
may be as long as 18 days. The onset is 
usually sudden with a chill, followed by a 
rise in temperature, often above 104° F. 
The febrile period lasts from 8 to 14 days 
with defervescence taking place by rapid 
lysis, Associated symptoms are a_ violent 
and persistent headache, a feeling of lassi- 
tude, and pains in various joints and mus- 
cles. The tongue is coated; there is slight 
constipation, seldom diarrhea, Prostration 
is usually not a prominent feature, [re- 
quently at the time of onset a small ulcer, 
from about 2 to 5 mm. in diameter, show- 
ing a black necrotic center surrounded by 
a dark reddish area of variable dimensions, 
appears at the site of the tick bite and may 
persist until the temperature falls. The 
taches noires may be found on any part of 
the body, usually on those covered by cloth- 
ing and invariably are accompanied by en- 
largement of the regional lymph nodes. 
Three or four days after the initial chill, 
a maculopapular eruption develops, spread- 
ing rapidly over the whole body involving 
the palms, soles and face. The rash on the 
abdomen may be less pronounced than else- 
where, Small round red spots which persist 
only a few days may be found on the soft 
palate. The macules, which at first dis- 
appear on pressure, are small, clearly out- 
lined and separated by healthy skin. They 
soon become papular, are occasionally 
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hemorrhagic, and may persist for some time 
after defervescence. The eruption disap- 
pears without leaving residual traces and 
there is no desquamation. The general con- 
dition of a patient is usually good, although 
insomnia is common throughout the febrile 
period. The spleen is not enlarged. Stupor, 
delirium and meningeal symptoms are usu- 
ally absent. The case-fatality rate is less 
than 3 per cent. 


PatHo.Locic PICTURE 


Because of its low mortality, the patho- 
logic picture of boutonneuse fever in man 
has not been studied. In guinea pigs it 
duplicates, in all essential details, the pa- 
thology of spotted fever (Hass and Pinker- 
ton, 1936). There is practically no mortality 
in inoculated guinea pigs, but if the animals 
are sacrificed at the height of the febrile 
period (the second or third day of fever) 
the spleen may be found two or three times 
larger than normal; the testes are injected, 
and the tunicae are adherent to the scrotal 
sac, 


EXPERIMENTAL INFECTION; Host RANGE 


Durand (1932) produced the disease ex- 
perimentally in 13 human beings; in three 
by inoculation of triturated infected ticks, 
in seven by inoculation of blood from natu- 
rally infected patients, in two by inocula- 
tion of brain suspensions from animals 
inoculated with blood from naturally in- 
fected patients, and in one by inoculation 
of a tache noire taken at biopsy. Blane and 
Caminopétros (1932) showed that the dis- 
ease could be reproduced experimentally in 
human beings by subcutaneous inoculation 
or by application of macerated infected 
tick tissue to slightly traumatized conjunc- 
tivae. Dogs play an important indirect réle 
but they do not act as a reservoir of the 
rickettsiae, Blanc and Caminopétros (1932) 
were unsuccessful in their attempts to infect 
dogs either with the blood of patients in 
the stage of full eruption or with proved 
infected ticks. Thus far, no host except man 
has been found infected in nature. Blanc 
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and Caminopétros (1932) have shown that 
white mice may have inapparent infections, 
and that the Macedonian spermophile 
(Citellus citellus) is highly susceptible but 
because of its limited habitat could not be 
considered as a “universal” reservoir of the 
rickettsiae. On the other hand, they re- 
ported rabbits, sheep, pigs, pigeons and 
guinea pigs to be resistant to the disease. 
Durand and Laigret (1932) extended the 
studies to wild rodents of France and 
Africa which, because of their association 
with human habitations, could be consid- 
ered as potential hosts of the vector. Mus 
barbarus, Jaculus jaculus, and Meriones 
shawi, found frequently around Tunis, were 
fully resistant to infection. With the white 
rat (Mus rattus) they obtained two inap- 
parent infections, and from the gerbille 
(Gerbillus campestris) they succeeded in 
passing the infection to man by inoculating 
a mixture of blood and brain tissue from an 
infected animal, Blanc and Caminopétros 
(1932) suggested that a vertebrate host is 
not essential for maintenance of the rickett- 
siae and that ticks can maintain the cycle 
not only because they remain infectious 
after hibernation but also because they 
transmit the infection through eggs. While 
the monkey is susceptible, the guinea pig is 
probably the most useful animal for experi- 
mental purposes. When inoculated intra- 
peritoneally there is an incubation period of 
from three to six days, followed by a rise 
of temperature to 104° or 105° F. for four 
or six days, after which the temperature 
gradually returns to normal. Marked scrotal 
swelling, with the tunicae adherent to the 
scrotal sac, develops but no sloughing re- 
sults, Few, if any, of the animals die. 
Transfer of the infection is most readily 
accomplished by injecting guinea pigs intra- 
peritoneally with testicular and 
washings. 


tunica 


EtTIoLocy 


The causative agent, Dermacentroxenus 
conor, 1s morphologically and tinctorially 
Similar to D. rickettsi. The dog tick, 
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R. sanguineus, is the principal if not the 
only vector of D. conori. The rickettsiae 
live for more than 18 months in the tick 
(Brumpt, 1932). Hass and Pinkerton 
(1936) found them in nearly all tissues of 
infected ticks, particularly in the cells of 
the gut, hypoderm and ovaries where they 
appear to occur more abundantly shortly 
after feeding. The cell nucleus is frequently 
infected, but rickettsiae are found more 
often in the cytoplasm, The rickettsiae have 
not been cultivated on artificial media, but 
they grow readily in plasma-clot, agar-slant 
or Maitland-type tissue cultures and in the 
yolk sac of the developing chick embryo. 
Intranuclear rickettsiae are readily found 
in plasma-clot and agar-slant tissue cul- 
tures. Blanc and Caminopétros (1932) re- 
ported that D. conori pass Ly Chamberland 
candles and claimed that the virulence of 
infected human blood is lost after 12 days’ 
storage in an icebox. Guinea pigs recovered 
from Rocky Mountain spotted fever are 
solidly immune to boutonneuse fever, and 
vice versa. However, spotted-fever vaccine 
made from infected D. andersoni, which 
affords complete protection against Rocky 
Mountain spotted fever in guinea pigs, 
gives no protection against boutonneuse 
fever (Davis and Parker, 1934; Hass and 
Pinkerton, 1936). An attack of boutonneuse 
fever confers an immunity of at least two 
months’ duration. 


DIAGNOSIS 


A positive Weil-Felix reaction occurs late 
in the course of the disease, appearing at the 
end of the first or beginning of the second 
week of convalescence, and may be positive 
in equal titer for both Proteus OX-19 and 
OX-2 (Durand, 1932). With purified, 
washed rickettsial antigens, Plotz, Reagan 
and Wertman (1944) have shown that bou- 
tonneuse fever may be differentiated from 
spotted fever by the complement-fixation 
reaction. 


TREATMENT 


There is no specific treatment. 
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EPIDEMIOLOGY 


Following the description of cases in 
Tunis in 1910, the disease was reported in 
France (the Avignon region), Tripoli, Italy, 
Greece (also Crete) and Roumania (Blanc 
and Caminopétros, 1932). No doubt. the 
disease is more widespread than is generally 
believed, and evidence indicates that the 
so-called Kenya typhus of East Africa is 
identical with boutonneuse fever, Cases with 
typical taéches noires have been reported in 
Abyssinia, Eritrea (the Ethiopian High- 
lands and Asmara), Togo, Sudan, and prob- 
ably in the Belgian Congo. Although the 
dog tick, R. sanguineus, is the principal 
vector of the disease, R. pulchellus may play 
a role in some cases. 


Controt MraAsures 


No vaccine is available at present. The 
preventive measures are those recommended 
for spotted fever; avoidance as far as pos- 
sible of tick-infested areas and use of all 
precautions to prevent tick bite. Since dogs 
are infested with FR. sanguineus, it is ad- 
visable to free them of ticks frequently. 


SOUTH AFRICAN TICK-BITE FEVER 


INTRODUCTION 

Tick-bite fever is a mild typhuslike dis- 
ease characterized by a local lesion at the 
site of the tick bite and regional lym- 
phadenopathy. A rash may or may not 
occur. 

History 

The name tick-bite fever was given by 

Nuttall to a disease described independently 


by McNaught (1911) and Sant’Anna 
(1911). 


CLINICAL PICTURE 


The pathognomonic sign is at the site of 
the tick bite (Pijper and Crocker, 1938), 
and is a raised red area of skin varying in 
size from that of a “sixpence” to that of a 
“half crown” with a typical necrotic black 
center, which is always accompanied by 
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swelling of the regional lymph glands. The 
lesion itself is painless and may be found on 
any part of the body, whereas the lymph 
glands are always painful and tender. The 
incubation period is about one week. In 
many cases the local lesion and the sore 
lymph glands are the only manifestations of 
the disease. In mild cases there may be fever 
and headache for three or four days, but not 
severe enough to cause the patient to go to 
bed. The immunizing effect of these light in- 
fections is complete as a rule and seems to 
be as good as that produced by the fully de- 
veloped disease. In severe cases there is 
excruciating headache, often accompanied 
by photophobia, stiffness of the neck, de- 
lirium and sleeplessness. The average dura- 
tion of a severe attack is 10 or 12 days. In 
the severe form, a rash appears on the fifth 
or sixth day of illness. It may be papular or 
macular, bright red or brownish, diffuse or 
discrete and may appear on the soles and 
palms; often only a few discrete papules 
are found on the arms, abdomen and chest. 
The prognosis is good, fatalities practically 
never occur, and there are no sequelae. The 
blood picture usually shows a lymphocyto- 
sis up to 50 per cent which gradually dis- 
appears during convalescence. 


Patuotocic Picture 


Nothing is known of the pathologic pic- 
ture of tick-bite fever in man. In guinea 
pigs the mortality is low, especially when 
large animals are used. Testicular swelling 
of varying degrees occurs in some animals. 
Hemorrhages in the testicles occasionally 
occur and frequently the testicles and spleen 
are covered with a whitish exudate. Focal 
lesions often containing rickettsiae are 
found in the brain. 


EXPERIMENTAL INrection ; Host RANcE 


The reservoir host has not been deter- 
mined. Unlike boutonneuse fever, which it 
resembles in symptomatology,  tick-bite 
fever is not necessarily related to dogs, for 
infection is transmitted by ticks which are 
veld dwellers and not found on domestic 
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animals (Gear, 1938). However, Alexander 
and Mason (1939) isolated a strain from a 
tick-infested dog that became ill. Tick-bite 
fever may be transmitted to guinea pigs by 
the intraperitoneal injection of patients’ 
blood. Blood taken during the first five days 
of illness or from patients who later develop 
a rash is best for making isolations. Once 
a strain is established, its serial passage in 
guinea pigs may be maintained fairly read- 
ily by intraperitoneal inoculation of brain 
tissue obtained from an animal at the height 
of fever; the minimum infective dose is 
about 0.003 Gm. Brain tissue is preferable 
as infective inoculum, although other tis- 
sues and blood can be used. The incubation 
period is about five days, followed by from 
five to ten days of fever. White mice ap- 
parently are not susceptible. 


ETIOLOGY 


The etiologic agent is Dermacentroxenus 
rickettsi, var. pijperi (Mason and Alexan- 
der, 1939). A few rickettsiae may be found 
in testicular exudate of infected guinea 
pigs. Occasionally they are found in smears 
from the spleen, but not in those made from 
the liver, adrenals, lungs, meninges or kid- 
neys. They occur in the cytoplasm of cells 
and not in the nuclei. Like other rickettsiae, 
they are stained well by the Giemsa, Cas- 
taneda or Macchiavello method. Alexander 
and Mason (1939) reported that rickettsiae 
of tick-bite fever and boutonneuse fever 
multiply intranuclearly when grown on the 
chorio-allantoic membrane of the fertile 
hen’s egg. Tick-bite fever rickettsiae also 
grow well in the yolk sac. All attempts to 
pass them through Berkefeld candles or 
Seitz pads have failed. 


DIAGNOsIS 


Clinically tick-bite fever is very similar 
to boutonneuse fever. However, according 
to Pijper. and Crocker (1938), there is a 
marked serologic difference; in boutonneuse 
fever agglutinins only for Proteus OX-19 
and OX-2 are produced, whereas in tick- 
bite fever agglutinins are produced also 
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against OX-K. This is true for infections 
both in man and the rabbit. Furthermore, 
cross-immunity tests between tick-bite fever 
and boutonneuse fever carried out in guinea 
pigs have shown that the diseases are dif- 
ferent, and by cross-neutralization tests it 
has been demonstrated that tick-bite fever 
and spotted fever probably have little in 
common. Thus, tick-bite fever apparently 
should be regarded as a rickettsiosis sui 
generis (Pijper and Crocker, 1938). 


‘TREATMENT 


There is no specific treatment. 


EPIDEMIOLOGY 


The disease is widespread throughout 
South Africa and Rhodesia and occurs in 
Mozambique and Lourenco Marques. In the 
more temperate highveld of South Africa, 
there is a definite seasonal incidence with 
most cases occurring in the summer months 
when ticks are numerous. In the lowveld 
where the temperature is more uniform, 
cases occur with equal frequency throughout 
the year. Thus far the disease has been re- 
ported only in Europeans, but since it usu- 
ally assumes a mild form it is doubtful 
whether doctors would be called to treat 
natives (Gear, 1938). Gear and Douthwaite 
(1938) isolated a strain of rickettsia from 
an adult female Haemaphysalis leachi re- 
moved from a dog belonging to a tick-bite 
fever patient. Mason and Alexander (1939) 
isolated another strain from Amblyomma 
hebraeum nymphs collected from a_ hare. 
The agent apparently has been isolated also 
from Rhipicephalus appendiculatus larvae, 
and Bodphilus decoloratus is thought to be 
a vector (Pijper and Crocker, 1938). 


ContTROL MEASURES 


No vaccine is available at present. The 
preventive measures are those recommended 
for spotted fever and boutonneuse fever. 


RICKETTSIALPOX 


INTRODUCTION 


Rickettsialpox is a mild disease character- 
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ized by an initial lesion caused by the bite 
of an infected mite. 


Hisrory 


Rickettsialpox is the name given by 
Huebner, Stamps and Armstrong (1946) to 
a newly recognized disease first reported in 
New York City and described independ- 
ently by Sussman (1946), Shankman (1946) 
and Greenberg, Pellitteri, Klein 
Huebner (1947). 


and 


CLINICAL PicTURE 


The disease is characterized by an abrupt 
onset of chills, fever, sweats and backache, 
followed three or four days later by a rash. 
About a week prior to the onset of fever, 
a firm, red papule appears at the site of a 
mite bite that develops into a deep seated 
vesicle which ultimately shrinks and dries 
to form a black eschar. The initial lesions, 
found chiefly on the covered parts of the 
body although they may occur on the neck, 
face, arms and dorsum of hands, persist 
approximately three or four weeks and in 
a fully-developed state frequently resem- 
ble certain stages of a vaccinia vesicle. The 
regional lymph nodes usually become en- 
larged and are tender. Fever with morning 
remissions is often low grade at onset but 
usually rises rapidly to reach 103° or 
104° F., and persists for about a week, The 
temperature gradually returns to normal. 
Chills or chilly sensations lasting for a day 
or so frequently precede the fever. Severe 
headache with frontal and_ retro-orbital 
pains occurs in practically all cases. Back- 
ache and general muscular soreness are 
common early in the course of the disease ; 
lassitude is always present, and photophobia 
is not an infrequent symptom. Rash appears 
in all cases and is noticed most commonly 
at the onset of fever, or several days later. 
At first the lesions are maculopapular, dis- 
crete and erythematous, but after a day or 
so vesicles develop in the summit of the 
papules. They dry to form black crusts 
which ultimately fall off without producing 
scars. The rash may be scanty, moderate or 
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abundant. There is no pattern in its distri- 
bution, and it may appear first on the arms, 
legs, abdomen, back, face or chest. It has 
not been observed on the palms or soles. 
The duration of rash varies from two to 
three days in mild cases to ten days in the 
most severe. Except for fever and rash, there 
are no unusual signs. An enlarged spleen 
occurs in a few cases; general lymphadenop- 
athy is uncommon, Red blood cell counts 
and the amount of hemoglobin are normal. 
There is a moderate leukopenia with white 
cells varying between 2,400 and 7,500 per c. 
mm. The leukopenia usually lasts only dur- 
ing the acute illness and disappears about 
two weeks after onset of fever. Thus far all 
patients have recovered without sequelae. 


PatHo.ocic PicTURE 


Since there have been no deaths, the 
pathologic picture in man is unknown, In 
mice, intraperitoneal inoculation results in 
definite signs of illness, but few deaths occur, 
Mice that die or that are sacrificed when 
moribund show a small amount of blood- 
tinged peritoneal fluid, enlarged lymph 
nodes, an enlarged, edematous liver and a 
dark, engorged spleen eight to ten times 
normal size. The respiratory and intestinal 
tracts show no gross changes. Guinea pigs 
inoculated intraperitoneally with tunica 
washings or infected yolk-sac tissue show 
redness and swelling of the scrotum with 
adherence of the testes to the tunica vagi- 
nalis which is thickened and markedly in- 
jected, moderately enlarged spleen and 
lymph nodes, occasional small areas of 
pneumonic consolidation, and indurated 
cutaneous and subcutaneous nodules at the 
site of inoculation. 


EXPERIMENTAL INrecTION; Host RANGE 


Wild house mice (Mus musculus) trapped 
in nonendemic areas, guinea pigs, chick 
embryos and albino mice are susceptible. 
Mice inoculated intraperitoneally show 
ruffled fur as early as the sixth day after 
inoculation. The peak of the disease is 
reached between the ninth and thirteenth 
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days, and deaths may occur at any time 
during this period. Both brain and spleen 
tissue may be used for transfer. Guinea pigs 
inoculated intraperitoneally with tunica 
washings first show a scrotal reaction on 
about the fifth day. Onset of fever may occur 
from the fourth to the sixth day. A febrile 
period, marked by remission, lasts from 
three to five days. Guinea-pig blood is not 
so infectious as tunica washings and gives 
less consistent results on inoculation. Chick 
embryos are highly susceptible to infection 
and show large numbers of rickettsiae both 
in the yolk sac (Huebner, Stamps and 
Armstrong, 1946) and the amniotic sac. In- 
fected yolk-sac tissue diluted 1:10 to 
1:10,000 produces death of embryos in four 
to seven days. Guinea pigs inoculated intra- 
peritoneally with 10 per cent yolk-sac sus- 
pensions show a short incubation period (1 
or 2 days) followed by a sudden onset of 
high fever which is sustained without re- 
missions for four or five days. The scrotal 
reaction is usually delayed until the fourth 
day. Attempts to produce the disease in 
monkeys even with massive doses of in- 
fected yolk-sac suspensions have failed, 


ETIOLOGY 


The etiologic agent has been classified 
with the rickettsiae, and the name Rickett- 
sia akari (GREEK, mite) has been proposed 
(Huebner, Jellison and Pomerantz, 1946). 
The organism stains poorly with methylene 
blue and by Gram’s method but stains well 
with Giemsa or by Macchiavello’s method, 
and the red-staining diplobacillary and 
diplococcal forms closely resemble R. 
prowazeki and R. mooseri. Rickettsiae ap- 
parently are located within nuclei of in- 
fected yolk-sac cells—this property they 
have in common with organisms of spotted 
fever. Occasional rickettsiae are found in 
the peritoneum and _ tunica tissues of in- 
fected guinea pigs. Thus far two Strains 
have been isolated from the blood of pa- 
tients, six strains from pools of infected 
mites, Allodermanyssus sanguineus Hirst, 
which apparently is the principal vector, 
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and one strain from a wild house mouse 
(Mus musculus) trapped on the premises 
where cases of rickettsialpox had occurred, 
Available evidence indicates that the 
human, mite and mouse strains are identical 
(Huebner, Jellison and Armstrong, 1947). 
Serologically rickettsialpox is related to 
Rocky Mountain spotted fever in that there 
is crossing in complement-fixation tests. 
Furthermore, guinea pigs recovered from 
rickettsialpox show partial although not 
complete protection against spotted fever. 
Serologically rickettsialpox is not related to 
murine typhus, epidemic typhus, scrub 
typhus, Q fever or Colorado tick fever. 


DIAGNOSIS 


Rickettsialpox shows many similarities to 
boutonneuse fever. However, certain dif- 
ferences have been observed. For instance, 
the rash in boutonneuse fever is papular or 
maculopapular and frequently involves the 
palms and soles. Monkeys are susceptible 
to boutonneuse fever, whereas they appar- 
ently are not susceptible to rickettsialpox. 
Furthermore, sera from boutonneuse-fever 
patients show a positive Weil-Felix reaction 
late in the course of the disease, whereas 
rickettsialpox patients apparently fail to 
produce agglutinins for Proteus strains. 
Rickettsialpox may be differentiated from 
Rocky Mountain spotted fever not only on 
clinical grounds but by the fact that sera 
from patients with these diseases usually 
show a higher complement-fixation titer in 
the presence of homologous antigens. How- 
ever, further studies are needed to elucidate 
the relationship of rickettsialpox to other 
members of the spotted-fever group. 


TREATMENT 
There is no specific treatment. 


EPIDEMIOLOGY 


The disease was first recognized in the 
Borough of Queens, New York City 
(Shankman, 1946), but it is now believed 
that it occurred and was listed among febrile 
conditions of unknown etiology for a num- 
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ber of years previously. Thus far, more 
than 190 cases have been reported, all from 
four boroughs in New York City—Bronx, 
Manhattan, Kings and Queens. The Bor- 
ough of Richmond (Staten Island) has not 
reported any cases. The recovery of at least 
six rickettsial strains from the tissues of 
Allodermanyssus sanguineus, an ectopara- 
site of house mice (J/us musculus), indi- 
cates that human infection is acquired by 
the bite of mites. 


ControLt Measures 


No vaccine is yet available, although one 
probably could be made readily from in- 
fected chick-embryo tissues. Preventive 
measures should include the eradication of 
all rodents known to be actual or potential 
hosts for the mite vector, as well as carrying 
out those measures necessary for killing the 
mites themselves. 


NORTH QUEENSLAND TICK TYPHUS 


A rickettsial disease assumed to be trans- 
mitted by ticks was reported recently in 
Australia by Andrew, Bonnin and Williams 
(1946) ; it was recognized in 12 patients and 
from 2 a rickettsial agent was isolated. The 
disease was designated North Queensland 
tick typhus (Funder and Jackson, 1946; 
Plotz, Smadel, Bennett, Reagan and Snyder, 
1946). The chief complaints were malaise 
and headache. Fever was either continuous 
or intermittent and lasted from five to seven 
days. A rash, variable in character, occurred 
in 11 of the 12 cases. In general the disease 
was mild, and none of the patients became 
seriously ill. Sera from all the patients gave 
a positive Weil-Felix reaction with Proteus 
OX-2 and a negative one with OX-K. Sera 
from five failed to fix complement in the 
presence of epidemic typhus, murine typhus, 
boutonneuse fever, South African tick-bite 
fever and spotted-fever antigens. Mice and 
guinea pigs were reported susceptible (An- 
drew, Bonnin and Williams, 1946) with the 
latter showing fever and a scrotal reaction 
similar to that produced by murine typhus. 
Guinea pigs sacrificed at the height of dis- 
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ease showed inflammatory changes in the 
tunicae and testes and a moderately en- 
larged spleen. Rickettsiae, readily stained 
by Macchiavello’s technic, were found in 
the cytoplasm but not in the nuclei of large 
endothelial cells of the tunica vaginalis. The 
rickettsiae were readily cultivated in the 
yolk sac of fertile hens’ eggs and in agar- 
slant tissue cultures. In the latter numerous 
intranuclear rickettsiae were found (Funder 
and Jackson, 1946; Plotz, Smadel, Bennett, 
Reagan and Snyder, 1946), thus indicating 
a possible relationship of this rickettsia to 
other members of the spotted-fever group. 
Funder and Jackson (1946) reported that 
the sera of convalescent patients fixed com- 
plement in the presence of antigens pre- 
pared from yolk sacs infected with the 
North Queensland tick typhus agent, but 
Plotz and his colleagues (1946) failed in 
their efforts with the PHS (Patient’s Name) 
strain of tick typhus isolated from the 
Australian patients. Plotz and his col- 
leagues confirmed the findings of the Aus- 
tralian workers in that they found guinea 
pigs recovered from the PHS tick typhus 
strain to have specific complement-fixing 
antibodies which reacted with antigens pre- 
pared from the homologous rickettsiae but 
not with antigens of epidemic typhus, 
murine typhus, spotted fever, boutonneuse 
fever, South African tick-bite fever and Q 
fever. Thus, serologic data indicate no rela- 
tionship between the PHS Organism and 
those of the other diseases mentioned. How- 
ever, cross-immunity tests carried out in 
guinea pigs showed some cross-resistance 
between North Queensland tick typhus on 
the one hand and South African tick-bite 
fever and murine typhus on the other. The 
resistance induced against heterologous or- 
ganisms was related to the period of time 
intervening between the initial infection and 
the subsequent challenge. For example, 
guinea pigs recovered from North Queens- 
land tick typhus were completely resistant 
to challenge with the homologous agent 
after 50 days and after eight months, 
whereas guinea pigs similarly recovered 
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from North Queensland tick typhus showed 
considerable resistance against South Afri- 
can tick-bite fever after 50 days, but prac- 
tically none after eight months. Cross-im- 
munity tests indicated no relationship be- 
tween North Queensland tick typhus and 
various strains of scrub typhus (tsutsuga- 
mushi disease). 


TICK-BITE RICKETTSIOSES IN 
INDIA 


In 1921, Megaw described a spotted-fever- 
like illness that probably resulted from a 
tick bite. The disease was characterized by 
a diffuse macular erythematous rash that 
covered the entire body, including palms 
and soles. The rash became brownish red 
and petechial within two days and faded 
on the twelfth day when the temperature 
returned to normal. Following Megaw’s 
publication, many similar cases were re- 
ported. Heilig and Naidu (1941, 1942) pub- 
lished studies on typhus fever in Mysore in 
which the clinical aspects of the disease are 
Suggestive of spotted fever in the United 
States. Recently, Topping, Heilig and Naidu 
(1943) reported the results of complement- 
fixation tests on three sera obtained from 
patients in Mysore which indicated that 
the causative agent was more closely related 
to spotted fever than to the typhus group. 
The exact relationship of the etiologic agent 
or agents found in India to other recognized 
rickettsial agents of the spotted-fever group 
should be studied further. 


TICK-BITE RICKETTSIOSES IN 
RUSSIA 


Recent reports from several Russian 
workers indicate that a tick-borne infection 
or infections, possibly related to the spotted- 
fever group, exists in Siberia. Korshunova 
(1943) reporting on “tick typhus” in central 
Siberia states that the infection probably 
occurs in ground squirrels and other rodents 
and is transmitted to man by Dermacentor 
nuttalli and perhaps by other ticks. A strain 
of the active agent isolated from a patient 
immunized experimental animals against 
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boutonneuse fever. Krontovskaya and 
Shmatikov (1943) state that Dermacentor 
nuttalli was practically the only tick found 
in the “tick typhus” endemic area in the 
steppe district of central Siberia. They 
demonstrated ticks to be naturally infected. 
Bocharova (1943) reported on several foci 
of “tick typhus” in eastern Siberia. All 
patients gave a history of tick bite. Natural 
infection was demonstrated in Eutamias 
asiaticus, Cricetulus furunculus, Microtus 
michnoi, Apodermus agrarius and Rattus 
norvegicus, aS well as in tick larvae found 
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on rodents and in adult ticks found on cows 
and dogs. Guinea pigs were infected by 
inoculation with tick eggs collected in cen- 
tral Siberia, Larvae and nymphs of D. nut- 
talli, D, silvarum and Haemaphysalis con- 
cimna infected guinea pigs by feeding on 
them, Shkorbatov (1944), referring to “tick- 
borne typhus” in far eastern Siberia, stated 
that the vector appears to be D. silvarum. 
Patients’ sera gave a Weil-Felix reaction 
with Proteus OX-19 most commonly. Rick- 
ettsiae were isolated from naturally infected 
ticks. 
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Scrub Typhus 


(SyNonyms: Tsutsugamushi disease, mite-borne typhus, 
Japanese river fever, tropical typhus, rural typhus) 


INTRODUCTION 


Scrub typhus is an infectious disease 
caused by Rickettsia tsutsugamushi (also 
designated Rickettsia orientalis) and char- 
acterized by sudden onset, fever of about 
two weeks’ duration and a cutaneous rash 
which appears on approximately the fifth 
day. The disease is transmitted by certain 
mites and an eschar usually develops at the 
site of attachment of the “chigger.” Pa- 
tients with scrub typhus generally develop 
agglutinins against the OX-K strain of 
proteus bacillus. 


HISTORY 


“Seldom has a disease emerged from 
comparative obscurity to notoriety so rap- 
idly as has scrub typhus” (Megaw, 1945). 
Scrub typhus was first mentioned in Occi- 
dental literature in the last quarter of the 
nineteenth century. It had been described 
early in that century in Japan, and a dis- 
ease that may have been identical was 
mentioned in Chinese writings of the six- 
teenth century. The disease in Japan has 
remained limited to a number of small, 
sharply-defined areas in river valleys of the 
Akita, Yamagata and Niigata prefectures in 
the northwestern part of Honshu Island. 
A few hundred cases occur each year; 20 to 
40 per cent of the patients die. Japanese 
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investigators have studied the malady as- 
siduously since the beginning of the present 
century and have become familiar with its 
clinical features, the mite vector, the etio- 
logic agent and its host range and rodent 
reservoirs. Most of their reports were pub- 
lished in Japanese but even those which 
appeared in the western languages generally 
elicited little more than academic interest. 
However, investigators in the Malay States 
and the Dutch East Indies recognized the 
similarity of a disease encountered in their 
areas with tsutsugamushi disease in Japan, 
and, in addition, established the relationship 
between the rickettsial agents which they 
recovered and a Japanese strain of R. tsu- 
tsugamushi, Two contributions of major sig- 
nificance were made by the British and 
Dutch workers, namely, the observation 
that patients with scrub typhus developed 
agglutinins against the OX-K Strain of B. 
proteus but not the OX-19 strain (Fletcher, 
Lesslar and Lewthwaite, 1929) and the 
finding that white mice were more suitable 
for laboratory studies on R. tsutsugamushi 
than rabbits, guinea pigs and monkeys 
which had been employed previously 
(Dinger, 1933). At the beginning of World 
War II, scrub typhus was known to occur 
in India, Indo-China, New Guinea and 
Australia, in addition to the areas already 
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mentioned. The excellent monograph of 
Blake and associates (1945) reviews in de- 
tail the history of scrub typhus. 

During World War II, approximately 
6,685 cases of scrub typhus were reported 
among U. S. Army personnel; this was in 
sharp contrast to the 64 cases of epidemic 
typhus which occurred during the same 
period (Sadusk, 1947). There were 284 
deaths attributed to the former and none 
to the latter. The impact of scrub typhus 
on military operations in the Asiatic-Pacific 
Area resulted in extensive studies on all 
aspects of the disease by various groups in 
America and the British Commonwealth. 
By the end of the war, preventive measures 
involving control of the mite vector had 
been developed to the stage where the dis- 
ease ceased to be of great military impor- 
tance. Furthermore, a chemotherapeutic 
agent (para-aminobenzoic acid) was shown 
to be of definite value in the treatment of 
the malady. While progress had been made 
in the laboratory toward the development of 
specific diagnostic serologic procedures and 
of immunizing agents, their usefulness in 
the field remains to be determined. 

The military importance of scrub typhus 
was such that during the war years reports 
of studies were circulated among interested 
workers but were withheld from publica- 
tion. The main wave of the flood of pub- 
lished articles on this disease has just 
passed ; two of these are recommended par- 
ticularly because of their general nature, 
namely, the report of Blake et al. (1945) 
and the War Department Technical Bulle- 
tin TB Med No. 31, Scrub Typhus, revised, 
1948. 


CLINICAL PICTURE 


Following an incubation period of from 
6 to 18 days, illness begins suddenly with 
fever, chilliness and headache. At the onset, 
a primary lesion, the eschar, may be found 
at the former site of attachment of an in- 
fected mite. This small necrotic ulcer con- 
stitutes an important diagnostic sign which 
should be carefully searched for, since it 
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may be missed unless every part of the body 
is closely scrutinized. The fever increases 
progressively during the first week of the 
disease, generally reaching 104° or 105° F. 
The pulse rate during this period is rela- 
tively slow, being 70 to 100. Between the 
fifth and eighth days the characteristic skin 
eruption appears on the trunk. This red, 
macular rash may extend to the arms and 
legs and at times becomes maculopapular 
in character. It usually persists for several 
days before fading; it may disappear at 
times within a few hours. 

During the first week of fever, general- 
ized lymphadenopathy develops; superficial 
nodes are tender and may be as large as peas 
or beans. Lymph nodes which drain the 
area of the eschar show more involvement 
than others. Cough is commonly present 
at this stage. Physical and roentgenographic 
evidence of pneumonitis occurs frequently ; 
Ahlm and Lipshutz (1944) observed the 
former in 67 per cent and the latter in 20 
per cent of 70 patients. 

The temperature remains elevated during 
the second week, and the pulse rate in- 
creases in the more severely affected pa- 
tients. The rate may reach 120 or 140 and 
the systolic blood pressure may fall below 
100. Conjunctival congestion and some deaf- 
ness are commonly present. Headache may 
abate somewhat during the second week, 
but apathy of the patient continues. Cer- 
tain individuals develop signs of involve- 
ment of the central nervous system, for 
example, delirium, stupor and muscular 
twitching. Others develop frank signs of 
pneumonia or circulatory failure, Toward 
the end of the second week or the beginning 
of the third, the temperature of those pa- 
tients who are destined to recover falls by 
lysis over a period of several days. With 
the reduction in fever, the pulse rate and 
blood pressure return to normal, the eschar 
is practically healed, and the spleen is no 
longer palpable if it had been felt during 
the febrile period. Convalescence is gen- 
erally protracted. Sequelae in the form of 
nervous or psychiatric difficulties were fre- 
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quent among military patients; it is prob- 
able that the rigorous campaigns and inter- 
current diseases which accompanied scrub 
typhus contributed materially to this high 
incidence. The possibility that myocarditis, 
which occurred in some of the patients, 
might proceed to permanent damage of the 
heart has been overemphasized. 

Death, when it occurs, supervenes about 
the end of the second week and is attributa- 
ble in about equal numbers of cases to 
secondary bacterial pneumonia, encephalitis 
or circulatory failure. The mortality varies 
from 1 to 60 per cent in different geographic 
areas and different populations. 

There is no specific blood picture in scrub 
typhus. The leukocyte count remains essen- 
tially within the normal range unless sec- 
ondary bacterial infection occurs. Anemia 
is rarely observed. Plasma proteins may be 
lowered slightly during the febrile illness. 
If this occurs, the proportionately greater 
decrease in albumin content of the plasma 
may produce a reversal of the albumin- 
globulin ratio. Hypochloremia often devel- 
ops late in the febrile stage as a result of 
inadequate salt intake and excessive sweat- 
ing. Certain patients with hepatic impair- 
ment show a decrease in plasma fibrinogen 
and an elevated icteric index. 


PATHOLOGIC PICTURE 


Changes observed at necropsy are not 
striking. Usually the eschar is found, but 
no rash is seen. The body cavities contain 
a moderate amount of serofibrinous fluid. 
Congestion and cloudy swelling of the 
parenchymatous tissues are observed con- 
sistently. The lungs usually show evidence 
of hemorrhagic pneumonia with a super- 
imposed, secondary — bronchopneumonia. 
The spleen and lymph nodes are enlarged. 

Microscopic examination brings out the 
fact that here, as in other rickettsial dis- 
eases, the vascular tree is primarily affected, 
showing a disseminated focal vasculitis and 
a perivasculitis of the smaller vessels con- 
sisting of accumulations of monocytes, 
plasma cells and lymphocytes. These lesions 
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are less severe than in epidemic typhus; 
furthermore, the necrosis and inflammatory 
reaction of the vessel wall, so characteristic 
of spotted fever, if present, are limited to 
the eschar. Vascular changes with resultant 
lesions in adjacent parenchymatous tissue 
are most conspicuous in the heart, lung, 
brain, and kidney. Thus, an acute, non- 
suppurative myocarditis of focal and diffuse 
distribution and of varying intensity is 
characteristically present. Interstitial pneu- 
monitis occurs in practically all fatal cases. 
The lesions in the brain may consist of a 
few vascular and perivascular reactions such 
as are found throughout the body. In cer- 
tain instances, however, a true lymphocytic 
meningitis and an encephalitis with peri- 
vascular cuffing and formation of glial 
nodules occur. The spleen and lymph nodes 
display similar changes with infiltrations of 
cells of the mononuclear series in the pulp 
and sinuses, and necrosis of the follicles. 
The kidneys characteristically show focal 
interstitial lesions which occasionally are 
associated with damage to adjacent 
nephrons. 

Allen and Spitz (1945) were inclined to 
attribute many of the pathologic lesions of 
scrub typhus to “hyperergic effects.” Settle, 
Pinkerton and Corbett (1945) postulated 
that the peripheral circulatory collapse, to 
which death was ascribed in about one-third 
of the cases, might depend not only on the 
diffuse myocarditis and rickettsial vasculi- 
tis but also on the effect of rickettsial toxin 
on the peripheral capillaries, It is of interest 
that a specific rickettsial toxin was subse- 
quently demonstrated to be associated with 
R. tsutsugamushi (see Etiology). 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


The host range of R. tsutsugamushi is 
very broad; two species of mites, many 
species of rodents (see Epidemiology), and 
man are infected in nature while most of 
the common laboratory animals are sus- 
ceptible. White mice are the animals of 
choice for most laboratory studies of R. 
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tsutsugamushi. Seven or eight days after 
intraperitoneal inoculation of highly infec- 
tious material an animal appears sick; dur- 
ing the next few days the abdomen swells, 
subcutaneous edema of the abdominal wall 
may appear, dyspnea develops and death 
ensues. At necropsy, in addition to sub- 
cutaneous edema, lymphadenitis is appar- 
ent when the skin is reflected, the peri- 
toneal cavity contains several cubic 
centimeters of serofibrinous exudate and the 
surfaces are injected, and the spleen is 
enlarged and usually is coated with flecks 
of fibrinous exudate. The pleural cavities 
generally contain serofibrinous fluid, and 
areas of hemorrhagic consolidation are 
found in the lungs, Rickettsiae can be 
found with more or less difficulty in im- 
pression smears of any of the involved 
tissues, but are most readily demonstrated 
in stained smears prepared from the surface 
of the spleen or the peritoneum. Blood, 
exudates, and all tissues are infectious. Sus- 
pensions of splenic tissue from mice in- 
fected with one of the typical laboratory 
strains of R. tsutsugamushi usually have a 
lethal titer of about 10~* when inoculated 
into mice by the intraperitoneal route; the 
titer of the blood from such animals is about 
10-*. Mice become infected with scrub ty- 
phus following inoculation by the subcu- 
taneous, intranasal, or intravenous route, 
but the resultant disease differs somewhat 
from that described above. The lethal titer 
of a suspension of rickettsiae may be 1077 
when tested intraperitoneally but only 10° 
on subcutaneous inoculation; nevertheless, 
a 10~° dilution of the same suspension ad- 
ministered subcutaneously induces an in- 
apparent infection which is followed by 
solid immunity to infection after the intra- 
peritoneal injection of many lethal doses of 
the agent. Accordingly, the subcutaneous 
route is used when immune mice are desired. 
The intravenous or intranasal inoculation 
of mice with suspensions rich in organisms 
results in their death in four to six days 
with hemorrhagic lesions in their lungs; 
suspensions of such pulmonary tissue have 
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titers of 10-8 to 10°®. Strains of R. tsutsu- 
gamushi vary widely in their virulence for 
mice; with some the minimal lethal dose 
and the minimal infectious dose are identi- 
cal when the intraperitoneal route is used, 
while with others the lethal dose may be 
100 to 1,000 times greater than infectious 
doses; finally, certain of the strains are 
rarely lethal for mice under any condition. 
Such variations in virulence have been noted 
among recently isolated strains and have 
been observed to develop in strains main- 
tained in the laboratory. 

R. tsutsugamushi grows well in the yolk- 
sac tissue of embryonated eggs and in agar 
tissue cultures; the former method of cul- 
tivation is employed extensively. Five- or 
six-day-old embryos are inoculated into the 
yolk sac with highly infectious material and 
then incubated at 35° C. Death occurs in 
six to ten days without pathognomonic 
lesions. Rickettsiae are most numerous in 
the yolk-sac tissue which has an infectious 
titer of 10-8 to 10~°, and are readily demon- 
strable in stained smears. Infected yolk-sac 
tissue serves as seed inoculum, as a source 
of the toxin of scrub typhus, and as starting 
material for the preparation of rickettsial 
complement-fixing antigens, but has been 
of practically no value for the preparation 
of vaccines. Agar tissue cultures of R. tsut- 
sugamushi have infective titers of the same 
order of magnitude as yolk-sac tissues, but 
unlike them have provided material for 
satisfactory vaccines. 

Cotton rats infected by the intranasal 
route and white rats injected intravenously 
with highly infectious inocula die in four to 
six days and yield lung tissue with infective 
titers of 10-8 to 10-*. Such materials have 
been used to prepare potent scrub typhus 
vaccines; these are discussed in the section 
on etiology. Studies on the experimental 
disease in monkeys, rabbits and guinea pigs 
provided information of historic importance, 
but these animals are not employed ex- 
tensively at present; in the monograph of 
Blake et al. (1945) these studies are re- 
viewed, as well as early work on growth of 
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the agent in tissue culture and the experi- 
mental disease in hamsters. Several species 
of gerbilles, rodents native to Africa, are 
susceptible to infection with R. tsutsuga- 
mushi and have proved useful in certain 
types of studies (Murray, Zarafonetis and 
Snyder, 1945; Mackie et al., 1946). 


ETIOLOGY 


The etiologic agent of scrub typhus has 
the general properties of rickettsiae. It is 
an obligate, intracellular, parasitic micro- 





I'tc. 42. Electron micrograph of R. 


tsutsugamushi. (Lt. C. A. Bailey 
(MC), U.S.N.R., and Lt. j.g. M. Max- 
field (MC), U.S.N.R., Naval Medical 
Research Institute.) 


organism which is perhaps less pleomorphic 
than most of the other rickettsiae which 
affect man. The organisms are usually seen 
as small diplococcuslike structures or short 
rods, with bipolar dark staining bodies, 
which have a length of from 0.3 to 0.5 Ul 
and a width of from 0.2 to 0.4 u. The 
rickettsiae appear as purple structures in 
the cytoplasm of mononuclear cells when 
viewed in impression smears of infected 
tissues stained by Giemsa’s method. The 
Macchiavello technic, which has proved so 
satisfactory for staining other rickettsial 
agents, is not widely used for R. tsutsuga- 
mushi. The difficulty with this method is 
dependent upon the ease with which the 
rickettsiae of scrub typhus are decolorized 
after staining with fuchsin: as a result, in 
the final preparation, the rickettsiae and 
cellular material take the methylene blue 
color and the usual contrast of red organism 
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and blue background is lacking. Many 
workers have described contrast stains for 
use on this agent, but the writer prefers a 
modified Macchiavello stain. The morpho- 
logic structure of R. tsutsugamushi as re- 
vealed by electron microscopy is similar to 
that of other rickettsiae ; the organisms have 
a limiting membrane enclosing protoplasmic 
material in which are dispersed dense 
granules. The electron micrograph illus- 
trated in Figure 42 was prepared by Lt. 
C. A. Bailey (MC), U.S.N.R. and Lt. j.g. 
M. Maxfield (MC), U.S.N.R. at the Naval 
Medical Research Center from a suspension 
of organisms grown in the yolk sac of 
embryonated eggs. 

Taxonomy of the agent of scrub typhus 
continues in a confused state. Opinion has 
vacillated between the designation R. orien- 
talis, proposed by Nagayo and co-workers 
(1930), and R. tsutsugamushi, proposed by 
Ogata (1931). At the present time, the term 
R. tsutsugamushi appears to be the choice 
of the majority of workers in the field. 

The rickettsia of scrub typhus is rela- 
tively labile but remains viable for long 
periods of time when stored at —70° C. 
Lyophilization, except under carefully con- 
trolled conditions, is generally unsatisfac- 
tory, since marked reduction of infectivity 
occurs during the drying process and the 
residual activity may disappear on storage. 
Transportation of a newly isolated strain 
from the field to a central laboratory is 
accomplished best by shipment of inocu- 
lated mice. The organism of scrub typhus 
undergoes lysis rather rapidly even in for- 
malinized suspensions of infected tissue ; 
because of this the methods which are used 
in preparing washed Suspensions of other 
rickettsiae do not give satisfactory results 
with R. tsutsugamushi. Ten per cent sus- 
pensions of infected tissues freed of large 
particles by light centrifugation are ren- 
dered noninfectious within a few hours by 
the addition of 0.1 per cent U.S. P. formal- 
dehyde solution. 

Specific complement-fixing antigens of 
scrub typhus have been prepared from sev- 
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eral types of infected material, namely, 
yolk-sac tissue, mouse lung, white rat lung, 
and cotton rat lung. As indicated in a pre- 
ceding paragraph, the organism of scrub 
typhus readily undergoes lysis, and_ this 
characteristic interferes with the prepara- 
tion and use of purified suspensions of 
rickettsiae. Bengtson’s early method (1945) 
for making scrub typhus antigens from yolk 
sacs was similar to that used for other 
rickettsial antigens, namely, ether extrac- 
tion of an aqueous suspension. The recently 
described technic of Wolfe, Van der Scheer, 
Clancy and Cox (1946), in which lipids are 
removed by extraction of lyophilized yolk- 
sac material with ether, is recommended. 
Smadel, Rights and Jackson (1946a) 
pointed out that the complement-fixing an- 
tigen of scrub typhus demonstrable in their 
preparations of mouse and rat lung and in 
the sera of moribund animals possessed 
certain characteristics of a soluble antigen. 
The cleanest of the scrub typhus antigens 
were those prepared by Fulton and Joyner 
(1945). These consisted of washed suspen- 
sions of rickettsiae obtained from lungs of 
infected cotton rats; the crude tissue sus- 
pensions were processed shortly after har- 
vesting before disintegration of rickettsiae 
occurred. The complement-fixation technic 
has been used for the diagnosis of scrub 
typhus in patients, but the observations of 
Bengtson (1945) indicate that differences in 
strains are so great that antigens prepared 
from several strains must be used in testing 
each human serum. Good agglutination tests 
with R. tsutsugamushi await the prepara- 
tion of satisfactory antigens. Because of 
difficulties encountered in the use of specific 
rickettsial materials, the nonspecific Weil- 
Felix reaction, in which the OX-K strain of 
the proteus bacillus is employed, continues 
to be the most useful serologic test for the 
diagnosis of the disease in man. 

In scrub typhus, as in other viral and 
rickettsial diseases, convalescent animals 
and patients develop specific neutralizing 
antibodies. Moreover, sera from rabbits 
hyperimmunized with infectious material 
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contain immune substances which protect 
mice inoculated with mixtures of the sera 
and the homologous strain (Topping, 1945), 
The neutralization technic has proved use- 
ful in studies on the antigenic variations in 
different strains of R. tsutsugamushi (Bell, 
Bennett and Whitman, 1946; Bennett, 
Smadel and Gauld, 1947). When a compari- 
son was made of materials from ten strains 
of R. tsutsugamushi, which had been recov- 
ered from man, mites and rodents from 
widely scattered areas of the Orient and 
South Pacific, it was found that potent 
antisera against two of the strains offered 
no protection against infection with any of 
the heterologous strains. On the other hand, 
potent antisera against two other strains 
provided some protection against practically 
all of the heterologous organisms. ‘Tests 
with materials from the other strains indi- 
cated that these agents occupied an inter- 
mediate position between the organisms with 
very broad and very narrow specificity. 
A toxin is associated with the organism 
of scrub typhus (Smadel, Jackson, Bennett 
and Rights, 1946); its properties are simi- 
lar to those of other rickettsial toxins (see 
Chapter 3). Only embryonated eggs infected 
with the Gilliam strain of R. tsutsugamushi 
have provided a toxic material capable of 
killing mice within a few hours. Antitoxin 
against this substance is highly specific; 
not only is it unrelated to the antitoxins of 
epidemic and murine typhus but it is not 
found in sera of animals convalescent from 
infection with a number of different strains 
of R. tsutsugamushi, even though such sera 
contain neutralizing or complement-fixing 
antibodies against homologous organisms. 
When results of intensive work in Aus- 
tralia (Lewthwaite et al., 1946), England 
and the United States indicated that a po- 
tent vaccine against scrub typhus could not 
be prepared readily from highly infectious 
volk-sac material, other sources for vaccine 
were sought. During the summer of 1944 
materials capable of immunizing mice 
against several thousand minimal lethal 
doses of R. tsutsugamushi were obtained in 
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three laboratories (Fulton and _ Joyner, 
1945; Plotz, Bennett and Reagan, 1946; 
Smadel, Rights and Jackson, 1946b). The 
British vaccine, consisting of a formalinized 
suspension of infected cotton rat lungs, was 
produced on a large scale prior to the ces- 
sation of hostilities (Buckland et al., 1945) 
and a portion of it was used for immuniza- 
tion of soldiers in the field; the information 
thus obtained was inadequate for estimat- 
ing its value (Card and Walker, 1947). 
The American vaccines were prepared from 
agar tissue cultures and from lung and 
splenic tissues of infected white rats. Diffi- 
culties associated with the protection of 
human beings by vaccination are greatly 
multiplied by the antigenic differences 
which are now known to exist among strains 
of R. tsutsugamushi. Thus, vaccines, pre- 
pared from infected tissues of white rats 
against four strains, induced resistance to 
homologous organisms. Furthermore, all 
four induced appreciable immunity against 
several of the seven heterologous strains 
which were used for challenge. However, 
none of the vaccines immunized mice 
against one of the standard strains of ia 
tsutsugamushi (Rights, Smadel and Jack- 
son, 1947). If a broadly antigenic strain 
could be found in the course of cross-vac- 
cination and cross-neutralization studies, it 
might provide a vaccine worth testing in 
the field. Available scrub typhus vaccines 
obviously do not protect man completely 
against infection since at least 11 cases have 
occurred in vaccinated persons (Buckland 
et al., 1945; Card and Walker, 1947), 
Serologic and immunologic relationships 
among different strains of R. tsutsugamushi 
require further investigation. It may be 
noted that animals which recover from in- 
fection with any of the organisms now 
classified as R, tsutsugamushi are resistant 
to infection with any other strain. Never- 
theless, the accumulated information ob- 
tained in studies made by means of com- 
plement-fixation, neutralization, antitoxin 
and vaccination tests indicate that certain 
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of the strains are as distinct from each other 
as are R. prowazeki and R. mooseri. 
Chemotherapeutic studies have been 
made with R. tsutsugamushi and the various 
drugs and antibiotics which have proved of 
value in experimental infections induced by 
other rickettsial agents. In general, the 
organism of scrub typhus is less amenable 
to these therapeutic agents than are R. 
prowazeki, R. mooseri, D. rickettsi, or R. 
akari. Methylene blue appeared sufficiently 
promising in tests on mice infected with 
scrub typhus (McLimans and Grant, 1947) 
to warrant its trial in patients; however, 
the results of the latter study were not 
encouraging, because in man the therapeu- 
tic dose of the dye approximates the toxic 
dose (Steele, McLimans, Grant and Tullis, 
1946). Para-aminobenzoic acid, which was 
less efficacious than methylene blue when 
tested in mice, subsequently proved to 
be useful for the treatment of patients 
(Tierney, 1946). Larger doses of para- 
aminobenzoic acid are required to obtain a 
definite effect in embryonated eggs and 
human beings infected with R. tsutsuga- 
mushi than in those infected with R. prowa- 
zekt. Nitroakridin 3582 is about as effective 
as para-aminobenzoic acid when tested in 
embryonated eggs. However, the toxic dose 
is close to the therapeutic one for embryos, 
and the toxicity is sufficiently great in mice 
that no beneficial effect was observed in 
treated animals (Smadel, Snyder, Jackson, 
Fox and Hamilton, 1947), Streptomycin is 
efficacious as a chemoprophylactic agent 
against several rickettsial infections in eggs 
but is of no value in preventing infection 
with R. tsutsugamushi (Smadel, Jackson and 
Gauld, 1947). A new antibiotic, Chloromyce- 
tin, shows considerable promise as a chemo- 
therapeutic agent for scrub typhus. Good 
effects are obtained in mice and embry- 
onated eggs; in the former benefit is noted 
even when treatment is delayed until several] 
days before death is expected (Smadel and 
Jackson, 1947), Chloromycetin has recently 
been tested in patients. ; 
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DIAGNOSIS 


A history of exposure in an area where 
scrub typhus is endemic and the finding of 
the primary lesion (eschar) are of great 
assistance in the early diagnosis of the dis- 
ease. Other signs and symptoms of the mal- 
ady, such as headache, conjunctival injec- 
tion, fever, relative bradycardia and absence 
of leukocytosis are common to many dis- 
eases, for example, the other rickettsial 
infections, dengue, malaria, infectious 
hepatitis, typhoid fever, and others. The 
appearance of the skin eruption at about 
the end of the first week of fever is of some 
diagnostic assistance. 

The Weil-Felix test is of great value in 
the diagnosis of scrub typhus. Agglutinins 
for the OX-K strain of B. proteus generally 
appear in a patient’s serum by the end of 
the second week, but none develop against 
the OX-19 strain. The agglutinins reach a 
maximum titer by the end of the third week 
and then decline rapidly, often disappear- 
ing by the fifth or sixth week. It is highly 
important that serial specimens of serum be 
obtained to demonstrate the appearance and 
rise in titer of OX-K agglutinins. While a 
titer of 1/160 obtained with a single con- 
valescent serum is generally regarded as 
significant, the result of one Weil-Felix 
test is of even less value in scrub typhus 
than in epidemic or murine typhus. In the 
latter diseases, OX-19 agglutinins usually 
reach higher levels than do OX-K antibod- 
ies in scrub typhus. Indeed, in a fair num- 
ber of instances patients with scrub typhus 
fail to develop OX-K titers of 1/160, al- 
though serial examinations may show a 
diagnostic rise in the agglutinins. Rare in- 
dividuals with proved scrub typhus fail to 
develop OX-K agglutinins. The Weil-Felix 
reaction, while valuable in typhus fevers 
and spotted fever, is not specific ; relapsing 
fever (leptospirosis) may evoke an OX-K 
response similar to that displayed in scrub 
typhus (Zarafonetis et al., 1946). 

A specific diagnosis of scrub typhus may 
be made by recovering the causal rickettsia 
from the blood of a patient during the 


febrile period or from tissues obtained at 
necropsy. A suspension of ground blood clot 
or of tissue is injected intraperitoneally 
into white mice. Infected mice may die 10 
to 18 days after inoculation and show sero- 
fibrinous peritonitis and enlarged spleens. 
Microscopic examination of impression 
smears made from the surface of the spleen 
or the parietal peritoneum, fixed in methy] 
alcohol and stained by Giemsa’s method, 
reveal the presence of minute intracellular 
and extracellular diplococcal organisms 
which have a purple color. The experimen- 
tal disease is maintained by passage of 
bacteriologically sterile peritoneal fluid, 
blood, or suspensions of spleen, liver or 
lung. Final identification of the rickettsial 
agent is made by cross-immunity tests per- 
formed in mice. Not all strains of R. tsutsu- 
gamushi are lethal for mice when first re- 
covered from patients. Therefore, in some 
instances examination and passage of mate- 
rials from sick or apparently healthy ani- 
mals may be necessary to establish the 
strain. 

Specific serologic tests, in which rickett- 
sial materials are employed, have not been 
developed sufficiently for use as standard 
diagnostic procedures. 


TREATMENT 

Para-aminobenzoic acid has recently been 
found to be of definite value in the treat- 
ment of scrub typhus in patients (Tierney, 
1946). Neither penicillin nor the sulfona- 
mide drugs are useful in this disease unless 
secondary bacterial infection occurs. The 
sulfonamides should not be administered to 
patients receiving para-aminobenzoic acid 
since the two drugs are antagonistic. In addi- 
tion to para-aminobenzoic acid therapy, the 
following general measures are of value: 
good nursing care ; administration of from 
2,000 to 3,000 cc. of fluids daily, and 6 to 8 
erams of salt in hot climates ; oxygen ther- 
apy for individuals with severe pulmonary 
complications ; and sedatives for those with 
restlessness or delirium. Digitalis should be 
avoided in the absence of definite signs of 
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congestive heart failure. Patients who have 
suffered from a mild infection should not 
return to work earlier than a month after 
they have become afebrile, and a longer 
period of rest may be indicated for those 
who have had a severe attack. 
Para-aminobenzoic acid therapy is indi- 
cated in all patients seen before the seventh 
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Fic. 43. Cycle of R. tsutsugamushi 
infection in nature, indicating trans- 
ovarial transmission in mites, rodent 
hosts with incidental human host, and 
development of adult mite. (Philip, 
C. B., 1947, Observations on tsutsu- 
gamushi disease (mite-borne or scrub 
typhus) in northwest Honshu Island, 
Japan, in the fall of 1945, [. Epi- 
demiological and ecological data. 
American Journal of Hygiene, 46, 50.) 


day of illness. While it is of doubtful efficacy 
after this time, it may be employed for 
severely ill patients or for those who are 
elderly or debilitated. The initial dose of 
the drug by mouth is from 4 to 8 grams 
followed by 2 grams every two hours day 
and night until the blood level reaches 20 
to 40 mg/100 cc. The drug should be con- 
tinued in doses of from 1 to 3 grams every 
two hours in order to maintain the blood 
level in this range until at least the four- 
teenth day of the disease, even if the pa- 
tient becomes afebrile prior to this time. 
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Para-aminobenzoic acid is rapidly excreted. 
Because of this it is advisable to determine 
the blood level of the drug at frequent inter- 
vals during the first few days of therapy 
and at least once daily thereafter. The 
specimen for study should be taken just 
prior to a dose of drug, i.e., two hours after 
the last administration. The technical pro- 
cedure for determining the blood concen- 
tration of this drug is identical with stand- 
ard methods for determining sulfonamide 
except that para-aminobenzoic acid is used 
to make up the color standard. Recently 
0.5 gram tablets of sodium para-amino- 
benzoate have become available; if these 
are not obtainable, the earlier method of 
giving powdered para-aminobenzoic acid 
may be used. Two grams of the powder are 
dissolved in 25 cc. of a 5 per cent solution 
of sodium bicarbonate and administered to 
a patient after which he is given several 
hundred cubic centimeters of water. Spe- 
cially prepared solutions of sodium para- 
aminobenzoate, 1 to 5 per cent in physio- 
logic saline solution, have been given to 
patients with epidemic typhus by continu- 
ous intravenous drip in such a manner that 
from 25 to 30 grams of drug were admin- 
istered over a 24-hour period (Snyder et al., 
1947); this method might well be useful 
in selected patients with tsutsugamushi dis- 
ease. Irrespective of the method of admin- 
istering para-aminobenzoic acid, the patient 
should receive enough sodium bicarbonate 
to render the urine neutral or alkaline in 
reaction; if the urine is acid, para-amino- 
benzoic acid crystals may precipitate in 
the tubules of the kidney. Hematologic 
examinations should be made frequently on 
patients receiving para-aminobenzoic acid 
therapy. The drug should be Stopped if the 
leukocyte count remains below 3,000 or if 
hemolytic _ anemia develops. The drug 
should be discontinued temporarily if the 
blood level rises above 50 mg/100 cc., or 
if para-aminobenzoic acid crystals 


appear 
in the urine. 
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Chloromycetin has been extensively em- 
ployed in the treatment of patients with 
scrub typhus (Smadel, J. E., Woodward, 
PoE wey, H, L. Jr., Philip, C. B., Traub, 
R., Lewthwaite, R., and Savoor, S. R., 
1948, Chloromycetin in the treatment of 
scrub typhus. Science, in press). The first 
25 treated cases of proved scrub typhus 
were given an initial oral dose of approxi- 
mately 50 mg. of Chloromycetin per kilo 
body weight and subsequently received 0.2 
to 0.3 grams of drug by mouth every two 
to four hours for a variable time. The 
first patients received a total of 8 to 15.5 
grams over a number of days while subse- 
quently the duration of treatment was re- 
duced to 24 hours and the total amount 
to approximately 6 grams per patient. The 
results obtained in these 25 treated patients 
and 12 untreated controls are summarized 
in Table 19. 
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Scrub typhus is transmitted to man by 
the larvae of at least two species of mite, 
Trombicula akamushi and T.  deliensis 
(Blake et al., 1945; Mackie et al., 1946) ; 
the former has been indicted in Japan and 
New Guinea, the latter in New Guinea and 
Burma; both probably serve as vectors also 
in other areas. Only the six-legged larvae 
are parasitic on vertebrates. These small, 
0.15 to 0.4 mm., red larvae attach them- 
selves to the skin and obtain a feeding of 
lymph or tissue juice; at this time the mite 


may acquire infection from the host. or 
vice versa, Infection in mites may be main- 
tained by transovarial passage of the rick- 
ettsial agent, but the natural cycle of the 
disease involves mites and a_ vertebrate 
host. This cycle as depicted diagrammati- 
cally by Philip (1947) is presented in Fig- 
ure 43. Both species of mite mentioned 
above have been found infected in nature 
as have various rodents which constitute 
the animal reservoir, In different areas 
voles, shrews, rats, field mice and other 
small animals make up this reservoir. 

In Japan, the vector mites are prevalent 
during the summer months and the disease 
has a seasonal incidence. In the tropics, 
scrub typhus is related less to season than 
to the arrival of susceptible persons in an 
endemic area. Various types of terrain may 
serve as endemic areas; it is impossible to 
identify an infected area from its ecology. 
The common features of a focus are a suit- 
able rodent population, adequate ground 
moisture favorable to the specific mite vec- 
tors, and the occurrence of R. tsutsugamushi 
in hosts of the area. The exacting conditions 
necessary for a focus may result in a sharp 
perimeter. Thus, in the endemic areas in 
Japan infection may be contracted in an un- 
cultivated area on the river side of an em- 
hankment but not 30 feet away in the tilled 
field inside the dike. The geographic dis- 
tribution of scrub typhus is indicated in the 
map reproduced in Figure 44. 


TasLe 19. Scrus TyPpHus PATIENTS 
Kuata Lumpur, 1948 








No. of patients 


TREATED 
25 (18 males, 7 females) 
3 to 11. Av. 6.2 





UNTREATED 


12 All males 


Day after onset }} begun : cane 
Last febrile day of illness 4 to 12. Av.'7.5 13 to 29. Av. 
Duration of fever (hrs.) after 10 to 96. Av. 31.0 
. Av. 30.7 
Day after onset discharged from 9 to 28. Av. 19.2 17 to 53. Av. 
ae 1 parotitis 
Complications 0 1 pneumonia 
Death 0 1 17th day 
eaths y 
Month of onset Mar.-Apr. Feb. Mar. y 
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CONTROL MEASURES 
The prevention of scrub typhus during 
military campaigns has been attained by 
the application of control measures aimed 
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scrub typhus. (Blake et al., 1945, Studies 
mite-borne typhus) in New Guinea and 
clinical observations, and etiology in the Dobadura 


area, American Journal of Hygiene, 41, 279.) 


at the mite vector; these consist of the use 
of insecticides by the individual and of 
appropriate treatment of the terrain of en- 
demic areas (War Department Technical 
Bulletin TB Med 31, Scrub Typhus, 1948). 
These procedures cannot be expected to 
provide such Satisfactory results when used 
by civilians in peacetime because of their 
cost and the difficulties associated with 
their attainment. Measures for the individ- 
ual are built around the use of miticidal 
chemicals, such as dimethyl phthalate, 
dibutyl phthalate, and benzyl benzoate 


plus an emulsifier, Clothing is dipped into 
a properly diluted aqueous emulsion of this 
material, wrung out and allowed to dry. 
Under field conditions such treated clothing 
remains miticidal after prolonged soaking 
in fresh or salt water. The chemicals are 
slowly removed by laundering with soap 
and cold water; hence, clothing should be 
re-treated after three washings. Hot water 
dissolves the miticide and should not be 
used. The method employed for disinfecting 
a camp site is as follows. All vegetation is 
cut level with the ground and burned or 
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hauled away. The entire soil surface of the 
area is covered with diesel oil which is 
sprayed on lightly every second or third 
day for several weeks until the ground dries 
sufficiently to kill all mites. The prevention 
of scrub typhus, like that of malaria, can 
be accomplished by control of the insect 
vector ; however, the cost and effort in each 
instance is so great that the measures cannot 
be employed except by an enlightened and 
wealthy society. 

Scrub typhus vaccines which are capable 
of immunizing animals are available, but 
their usefulness for protecting human 
beings in the field remains to be determined 
(see Etiology). 

Prophylactic treatment of accidental in- 
fections acquired in the laboratory appears 
to be worthwhile. There is a definite need 
for control measures of this type, since three 
laboratory workers have died from scrub 
typhus and more than a dozen have recov- 
ered after severe attacks. During the past 
two years at the Army Medical Depart- 
ment Research and Graduate School, three 
individuals have introduced highly infec- 
tious material either into or under their 
skins. Following these accidents, para-amino- 
benzoic acid therapy was begun immedi- 
ately and the course prescribed for patients 
in the section on treatment was given for 
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three days, None of these persons developed 
scrub typhus. All three had been vaccinated 
previously against scrub typhus and two of 
the group were treated intramuscularly 
with specific hyperimmune rabbit serum 
shortly after the accident. It is difficult to 
evaluate the efficacy of para-aminobenzoic 
acid under these conditions; but it is un- 
likely that scientifically controlled observa- 
tions will be made on this point. Vaccina- 
tion alone may not be sufficient to protect 
laboratory personnel (Buckland et al., 
1945). One vaccinated person who worked 
with R. tsutsugamushi at the School during 
the two-year period mentioned above de- 
veloped the disease. He had no history of 
accident and received no prophylactic 
treatment. Since the disease began with the 
oculoglandular syndrome, it is assumed that 
inoculation was through the conjunctival 
route accomplished by rubbing the eye with 
a contaminated finger. Vaccination of lab- 
oratory workers, including booster inocula- 
tions at intervals of six to twelve months, 
together with immediate chemotherapy in 
case of accident is recommended, 

There is no evidence of communicability 
of scrub typhus from man to man. There- 
fore, isolation of patients and quarantine 
measures are not indicated in this disease. 
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INTRODUCTION 


Q fever is an acute febrile illness caused 
by Rickettsia burneti and characterized by 
sudden onset, malaise, headache, anorexia 
and weakness; rickettsemia occurs during 
the febrile phase and interstitial pneu- 
monitis generally develops. Q fever is dis- 
tinguished from other rickettsial diseases of 
man by failure of patients to develop either 
a cutaneous rash or agglutinins against the 
proteus organisms used in the Weil-Felix 
test. 


HISTORY 


Q fever was first recognized as a human 
disease in 1935 in Queensland, Australia, 
and its etiologic agent was named by Aus- 
tralian workers (Derrick, 1937, 1939: Bur- 
net and Freeman, 1937). At about the same 
time in the western United States a similar 
rickettsia was recovered from naturally in- 
fected ticks, Dermacentor andersoni (Davis 
and Cox, 1938), which was proved subse- 
quently to be identical with R. burneti 
(Burnet and Freeman, 1939; Dyer, 1939). 
During the course of extensive laboratory 
studies carried out in Australia and this 
‘ountry on the new rickettsial agent, a 
1umber of infections developed among lab- 
ratory personnel, but until recently recog- 
ition of naturally occurring human in- 
ections was limited almost entirely to 
\ustralia. During 1944 and 1945, however, 
he disease was of considerable military 
mportance in the Mediterranean theater 


where more than 1,000 cases were recorded 
among Allied troops (Robbins, Gauld, and 
Warner, 1946; The Commission on Acute 
Respiratory Diseases, 1946a). An outbreak 
of Q fever had probably occurred the pre- 
ceding winter in Athens, Greece, since the 
disease called “Balkan grippe” resembled 
( fever, and Caminopétros recovered an 
agent, which was subsequently identified 
as R. burneti, from the blood of one of the 
patients (The Commission on Acute Re- 
spiratory Diseases, 1946c). Quite recently 
small outbreaks of the disease have occurred 
in the United States (Topping, Shepard 
and Irons, 1947; Shepard, 1947) and Pan- 
ama (Cheyney and Geib, 1946). 


CLINICAL PICTURE 

The most thorough clinical studies of Q 
fever have been made on cases which oc- 
curred among laboratory workers (Horni- 
brook and Nelson, 1940; The Commission 
on Acute Respiratory Diseases, 1946b) and 
among military personnel who contracted 
the disease in the Mediterranean theater 
(Robbins and Ragan, 1946, Feinstein, Yes- 
ner and Marks, 1946). The following de- 
scription is based mainly on the findings in 
the military patients who acquired the dis- 
ease in Italy, 

Following an incubation period of from 
14 to 26 days, mean 19 days, the onset of 
the disease is generally sudden with head- 
ache, myalgia, feverishness, chilly sensa- 
tions and loss of appetite. Symptoms 
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referable to the upper respiratory or gastro- 
intestinal tracts are not conspicuous. During 
the first few days physical signs generally 
are limited to fever, ranging from 101° 
to 104° F., and provide little help in arriv- 
ing at a diagnosis. The febrile period lasts 
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those who are so mildly ill that they would 
not ordinarily seek medical care. The roent- 
genographic changes are generally consid- 
ered to be indistinguishable from those of 
primary atypical pneumonia. However, 
Feinstein, Yesner and Marks (1946) have 
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Cuart 30. Chart of clinical findings in case of Q fever. (The 
Commission on Acute Respiratory Diseases, 1946, A laboratory 
outbreak of Q fever caused by the Balkan grippe strain of 
Rickettsia burneti. American Journal of Hygiene, 44, 133.) 


from one to ten or more days, but half the 
patients have fever of three to six days’ 
duration. Temperature curves are of the 
swinging type. Symptoms noted at the onset 
continue while the temperature remains 
elevated; anorexia, often accompanied by 
nausea, is pronounced, and headache is 
severe. On about the fifth or sixth day, a 
mild dry cough develops in a majority of 
the cases, and many patients complain of 
pain in the chest. At this time careful physi- 
cal examination of the chest often reveals 
the presence of a few crepitant rales and 
slight diminution in resonance. These signs 
are evanescent and rarely persist for more 
than a few days. They are generally found 
in the regions which show involvement on 
roentgenologic examination. 

Evidence of pulmonary involvement dem- 
onstrated by roentgenogram is found in 
practically all patients; this includes even 


described in minute detail the X-ray 
changes and think that the findings taken 
as a whole present certain distinctive char- 
acteristics. Suffice it to say, that during 
the first few days after onset, films of the 
chest appear normal. On about the third or 
fourth day, patchy areas of consolidation 
appear ; these usually involve only a portion 
of one lobe and generally present a homo- 
geneous, ground-glass appearance. Changes 
demonstrable by X-ray tend to persist be- 
yond the termination of the febrile period 
(Chart 30) and in many instances roent- 
genograms still show evidence of pulmonary 
involvement at the time a patient is dis- 
charged from the hospital. 

Salient features of the record of an indi- 
vidual who contracted his illness in the 
laboratory of the Commission on Acute 
Respiratory Diseases at Fort Bragg are 
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given in Chart 30, and his roentgenograms 
are reproduced in Figure 45. 
Complications rarely develop. As the tem- 
perature approaches normal, a_ patient's 
appetite returns and he has no sequelae 
except weakness which may persist for 


5th day 


tory infection (Lillie, Perrin and Arm- 
strong, 1941) and two deaths occurred 
among the 55 patients with O fever in 
Amarillo, Texas, in 1946 (Topping, Shepard 


and Irons, 1947). The only detailed 
necropsy report is that of the laboratory 





Fic. 45. -Roentgenogram of chest of patient with Q fever, whose chart is shown 
in Chart 30. (The Commission on Acute Respiratory Diseases, 1946, A laboratory 
outbreak of Q fever caused by the Balkan grippe strain of Rickettsia burnett. 


American Journal of Hygiene, 4/, 133.) 


several weeks. The more severely affected 
patients may lose from 15 to 20 lbs. during 
the course of the illness but this is rapidly 
regained. 

The usual clinical laboratory tests pro- 
vide little diagnostic assistance. Total 
leukocyte and differential counts are essen- 
tially normal, but the erythrocyte sedimen- 
tation rate may be moderately elevated. 
Specific laboratory tests concerned with 
R. burneti are discussed elsewhere in this 


chapter. 
PATHOLOGIC PICTURE 


The mortality from Q fever is usually 
low; none of the 1,000 military patients 
succumbed. One death has been recorded in 
an elderly person who contracted a labora- 


worker. The essential findings at post- 
mortem examination of this patient were 
limited to congestion and edema of the 
lungs associated with gray granular consoli- 
dation in one lobe, and acute splenic tumor. 
Histologic examination of sections from the 
consolidated area revealed a compact fibri- 
nocellular exudate which filled alveoli, 
bronchioles and most bronchi. Lympho- 
cytes, plasma cells and large mononuclear 
cells were most numerous in the exudate; 
erythrocytes were plentiful in some alveoli, 
but polymorphonuclear cells were scarce 
throughout the area. The bronchial epl- 
thelium was generally desquamated. Alveo- 
lar epithelium was hyperplastic in certain 
areas and, generally, the interalveolar septa 
were thickened by accumulations of lym- 
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phocytes, plasma and large mononuclear 
cells and a variable number of fibroblasts. 
Capillaries in the septa contained little 
blood. Infiltrations of lymphocytes and 
plasma cells were encountered in peribron- 
chial and perivascular tissues. Rickettsiae 
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tional outbreak of pneumonitis, IIT. 
Histopathology in man and _ rhesus 
monkeys in the pneumonitis due to 
the virus of “Q” fever. Public Health 
Reports, 56, facing page 152.) 


were not found on microscopic examination 
of any of the human material. Figure 46 
illustrates the typical histopathologic lesion 
in the lung of this patient. 


EXPERIMENTAL INFECTION: 
HOST RANGE 

The extremely broad host range of R. 
burneti includes numerous wild and do- 
mesticated animals, a number of species of 
ticks, and man. Sufficient work has been 
done with certain wild animals and cat- 
tle to indicate their susceptibility under 
experimental conditions. Mice, guinea pigs 
and embryonated eggs, the last two being 
the most useful, have been employed in 
most of the investigative work in the labora- 
tory. Infection in mice rarely results in 
death of the animals: therefore, confirma- 
tion of the disease depends upon pathologic 
examination which usually includes micro- 
scopic study of stained preparations of 
peritoneal exudate or splenic smears for the 
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presence of rickettsiae. However, the agent 
multiplies freely, since infectious titers of 
10-8 are obtained when mouse spleen is 
tested in guinea pigs. Guinea pigs regularly 
develop a febrile illness, and certain strains, 
notably the Dyer “X” strain of American 
Q fever, regularly cause death even on 
inoculation of only a few infectious doses, 
i.e., 1O-* or ~* dilution of guinea-pig spleen 
or 10 * or ~® dilution of infected yolk-sac 
material. Other commonly employed strains, 
for example, the Henzerling strain from 
Italy, are lethal for guinea pigs only when 
highly concentrated material is used for 
inoculation; however, infection with such 
strains results following inoculation of dilu- 
tions of 10-* or 10-8 of yolk-sac material. 
It is worthy of note that the urine of in- 
fected guinea pigs contains rickettsiae and 
that the organisms persist for a long time in 
the tissues and urine of convalescent ani- 
mals (Parker and Steinhaus, 1943). 

Gross pathologic lesions in guinea pigs 
are generally limited to enlargement of the 
spleen, with the organ increased to two to 
four times its normal size; when inoculation 
is made intraabdominally, some exudate is 
found on the peritoneum, while subcu- 
taneous inoculation often elicits a nodular 
lesion at the site. Lillie (1942) studied the 
histopathology in guinea pigs and found 
small focal granulomatous lesions scattered 
throughout practically all organs and tis- 
sues, which consisted of vascular endo- 
theliosis and of perivascular collections of 
cells of the lymphocytic series, monocytes 
and fibroblasts. 

R. burneti grows well in tissue cultures 
and in embryonated eggs (Cox and Bell, 
1939). The richest yields are generally 
obtained with the least labor from yolk-sac 
tissue of embryonated eggs inoculated in 
their yolk sacs when five or six days old. 
Death of the embryo occurs after incuba- 
tion for four or five days at 35° C. Yolk-sac 
tissue from moribund embryos provides 
satisfactory starting material for the prepa- 
ration of seed inocula, rickettsial antigens 
for diagnostic work, and vaccines. 
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ETIOLOGY 

The etiologic agent of Q fever possesses 
the general properties of other members of 
the rickettsial group. R. dburneti is an 
obligate, intracellular, parasitic micro- 
organism. It is a small pleomorphic struc- 
ture and may occur as a lanceolate rod 0.25 
by 0.5u, as a bipolar rod 0.25 by 1.0n, 
or as a diplobacillus 0.25u by 1.5u. It takes 
a purple color when stained by Giemsa’s 
method and red when stained by Macchia- 
vello’s technic. In some preparations the 
rickettsiae are so large that one suspects 
that the tissue has been contaminated by 
one of the common Gram-negative bacteria. 
However, the same preparations also con- 
tain small particles, no larger than ele- 
mentary bodies of vaccinia, which have 
tinctorial qualities similar to those of the 
rod-shaped structures. The small size of 
certain organisms in each suspension is indi- 
cated also by the ease with which the agent 
passes through Berkefeld N filters and the 
finding of some activity in filtrates from 
collodion membranes with an average pore 
diameter of 400 mu (Bengtson, 1941a). It 
may be recalled that, because of its filtera- 
bility, the American workers originally des- 
ignated the organism as Rickettsia diaporica 
before it was found that the agent was 
identical with that previously named by 
the Australian workers (Cox, 1939). The 
morphologic structure of R. burneti, as 
revealed by electron microscopy, is similar 
to that of other rickettsiae and to certain 
bacteria (Plotz, Smadel, Anderson and 
Chambers, 1943). Thus, the electron micro- 
eraphs show that the agent has a limiting 
membrane which encloses protoplasmic ma- 
terial in which are interspersed granules of 
dense material. 

The rickettsia of Q fever is relatively 
resistant to desiccation. This, together with 
the fact that the feces of infected ticks are 
rich in viable organisms, is important in the 
transmission of the disease in the field (see 
Epidemiology). The agent remains viable 
for long periods of time when stored at 


70° C. and after lyophilization. Further- 
more, animal tissues suspended in 50 per 
cent glycerol and whole blood from guinea 
pigs have proved infectious after transpor- 
tation for long distances without refrigera- 
tion. Preparations of R. burneti become 
noninfectious when stored for several days 
in a 0.2 per cent U.S. P. formaldehyde solu- 
tion or 0.4 per cent phenol; these methods 
are usually employed for inactivating crude 
infectious material preparatory to process- 
ing it into diagnostic antigens or vaccines. 

Suspensions of washed R. burneti provide 
specific antigens for use in diagnostic com- 
plement-fixation or agglutination — tests. 
While such antigens may be prepared from 
several types of material, infected yolk sacs 
are the tissues of choice for this purpose. 
The method most commonly employed in 
recent years for processing such material is 
closely related to that used in preparing 
washed suspensions of R. prowazeki, which 
has been described in detail in Chapter 3. 
Certain groups of workers prefer the agglu- 
tination technic. Burnet and Freeman 
(1938) who originally used this method 
in Q fever made their antigen from infected 
spleens of mice. The Commission on Acute 
Respiratory Diseases (1946b, c) employed 
agglutinating suspensions derived from in- 
fected yolk sacs to obtain the serologic data 
given in Chart 30. It is of interest that the 
first of the satisfactory rickettsial comple- 
ment-fixing antigens prepared from yolk-sac 
material was that of Q fever (Bengtson, 
1941b). The complement-fixation technic 
is employed for the serologic diagnosis of 
Q fever at the Army Medical Department 
Research and Graduate School. Recent 
studies have shown that not all strains of 
R. burneti are equally suitable for making 
complement-fixing antigens. Sera from 
guinea pigs which recover from infection 
with any of the strains develop two comple- 
ment-fixing antibodies. One of these appears 
during the third week after inoculation and 
the other several weeks later ; by the ninth 
week the. titer of the second approaches 
the plateau attained earlier by the. first 
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antibody. While formalinized suspensions 
of all the different strains of rickettsiae con- 
tain complement-fixing antigens which react 
with both antibodies, suspensions of certain 
strains are relatively deficient in the factor 
which combines with the first antibody to 
appear. Antigens prepared from the Henzer- 
ling strain isolated in Italy are suitable for 
diagnostic work since they contain both 
factors in about equal amounts (Robbins, 
Rustigian, Snyder and Smadel, 1946). The 
in vitro serologic reactions obtained with 
Q fever materials are highly specific; no 
cross reactions are obtained with epidemic, 
murine, or scrub typhus, Rocky Mountain 
spotted fever, North Queensland _ tick 
typhus or with a number of nonrickettsial 
materials. Neutralizing antibody capable of 
protecting animals against infection occurs 
in immune sera, but the neutralization test 
is not widely employed since other diagnos- 
tic methods are simpler (Burnet and Free- 
man, 1939; Bengston, 1941c). 

Animals which recover from infection 
with one strain of R. burneti are resistant 
to reinfection with the same or other strains 
(Dyer, Topping and _ Bengtson, 1940; 
Topping, Shepard and Huebner, 1946). 
However, it is occasionally possible to 
break through the resistance of convalescent 
guinea pigs when very highly infectious 
challenge inocula are used, and under these 
circumstances, a febrile reaction or even 
death may result. Animals convalescent 
from Q fever are not resistant to infection 
with other members of the rickettsial group. 
Noninfectious vaccines prepared from mice, 
guinea pigs, or yolk-sac tissues rich in 
rickettsiae are capable of immunizing ani- 
mals against the disease (Bengtson, 1941c; 
Smadel, Snyder and Robbins, 1948). The 
latter type at least will also elicit the pro- 
duction of complement-fixing antibodies in 
guinea pigs and man. Vaccinated animals 
are not solidly immune. Although they are 
completely resistant to a few minimal in- 
fectious doses (MID) of the homologous 
or heterologous strain, inoculation of several 
million MID’s is followed by a short non- 
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lethal febrile illness; death occurs in the 
majority of control animais receiving the 
more infectious challenge material. 


DIAGNOSIS 


The diagnosis of Q fever in man is estab- 
lished by the isolation of the etiologic agent 
or the demonstration of the appearance 
of specific antibodies against it in the serum 
of a patient. Neither the history, clinical 
findings, nor the pathologic picture when 
observed, are sufficient to establish a diag- 
nosis ; however, they should lead the physi- 
cian to suspect the disease and to obtain 
proper laboratory studies. During the first 
few days of a patient’s illness, prior to the 
development of pulmonary lesions, Q fever 
may resemble the early stage of many acute 
febrile conditions such as influenza, menin- 
gitis, typhoid and paratyphoid, brucellosis, 
sandfly fever, dengue, infectious hepatitis, 
nonicteric leptospirosis, malaria, as well as 
the other rickettsial diseases. With the 
development of the pulmonary changes of 
Q fever, differential diagnosis requires con- 
sideration of bacterial pneumonia, primary 
atypical pneumonia, psittacosis and other 
diseases capable of producing such pul- 
monary changes (see Chapters 13 and 16); 
in certain geographic areas coccidiomycosis 
must be considered. 

Isolation of R. burneti from the blood of 
patients during the febrile phase, from 
sputum, spinal fluid or urine, or from tissue 
obtained at necropsy is accomplished with- 
out difficulty. Guinea pigs are commonly 
employed for this Purpose, but mice, 
monkeys and embryonated eggs have 
proved satisfactory. Identification of the 
agent is made in the following manner. 
Guinea pigs which develop afebrile re- 
sponse following an intraperitoneal inocu- 
lation of materials from a patient are 
sacrificed and a suspension of their spleens 
passed intraperitoneally into normal ani- 
mals. During the early passages rickettsiae 
often cannot be found on microscopic ex- 
amination of splenic smears Stained by 
Giemsa’s or Macchiavello’s method. Iden- 
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tity of the agent is established by finding 
rickettsiae in stained smears of tissues of 
passage animals and by the results of cross- 
immunity tests performed in animals, or 
by the demonstration of specific comple- 
ment-fixing antibodies in the sera of con- 
valescent guinea pigs. Because of the great 
danger of infection of personnel, including 
not only those in immediate contact with 
the work but also those throughout the 
building, isolation of R. burneti should not 
be attempted except under unusual circum- 
stances and then only in laboratories ac- 
tively engaged in the study of Q fever. 

Diagnosis of Q fever by serologic means 
is highly satisfactory and is recommended 
for general use. Under proper conditions 
either the agglutination or complement- 
fixation technic provides sufficiently accu- 
rate data so that neither false negative nor 
false positive diagnoses result to any appre- 
ciable extent. Methods involved in the 
preparation and use of Q fever antigens 
need not be discussed here since the prin- 
ciples are described in Chapter 3; for details 
of these technics, original communication 
should be consulted. In Q fever it is highly 
desirable, indeed almost essential, that early 
and late specimens of sera be tested for 
antibodies in order to demonstrate the 
appearance of antibodies during conva- 
lescence or their increase in titer. Although 
titers 1/8 in agglutination tests and 1/20 
in complement-fixation tests are significant, 
one should hesitate to make a diagnosis 
of Q fever on the results obtained on a single 
specimen of convalescent serum unless the 
titers are considerably higher than these 
minimal levels. 

Agglutinins rarely appear before the 
ninth day of illness and by the end of the 
second week only about one-quarter of the 
patients give positive tests; however, to- 
ward the end of the fourth week, 90 per 
cent possess agglutinins (The Commission 
on Acute Respiratory Diseases, 1946c). 
Complement-fixing antibodies are detect- 
able between the seventh and thirteenth 
day in practically all cases and rise steadily 
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to a maximum titer usually in the range 
of 1/160, which is reached about the 
twenty-first day (Robbins, Rustigian, 


Snyder and Smadel, 1946). Specific comple- 
ment-fixing antibodies persist in high titer 
for a number of months and may still be 
demonstrable in small but — significant 
amounts several years after infection. In 
man as in lower animals, serologic reactions 
of Q fever are highly specific. No cross 
reactions occur with other members of the 
rickettsial group, with psittacosis, influenza, 
or miscellaneous bacteria; sera containing 
cold agglutinins do not react with Q fever 
antigens. 


TREATMENT 


Treatment is limited to supportive 
therapy. Neither the sulfonamides nor peni- 
cillin have proved of any value in the treat- 
ment of patients with Q fever. 


EPIDEMIOLOGY 


The disease in Australia and the United 
States is essentially occupational, being 
limited almost entirely to slaughter-house 
workers and laboratory personnel, The 
natural history of Q fever has been well 
worked out in Australia (Derrick, 1944), 
where it is apparently a natural infection 
of certain wild animals, especially bandi- 
coots, and is transmitted in nature by ticks 
(Haemaphysalis humerosa and Ixodes holo- 
cyclus). These ticks are capable of infecting 
cattle which develop a mild illness, Further- 
more, cattle ticks (Boophilus annulatus 
microplus and Haemaphysalis bispinosa) 
become infected by feeding on such cattle 
and their feces may contaminate the hides. 
Therefore, Australian workers believe that 
persons working in slaughter houses may 
contract the disease by direct contact with 
infected meat or by inhalation of infected 
dust from hides contaminated by tick feces. 
While the mode of transmission in the out- 
breaks among slaughter-house and stock- 
yard workers in the United States has not 
been determined, it may be mentioned 
that two species of ticks (D. andersons and 
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Amblyomma americanum) found in several 
regions of the United States are naturally 
infected with the organism of Q_ fever 
(Davis and Cox, 1938; Parker and Kohls, 
1943) and that infected D. andersoni ticks 
are capable of transmitting the disease to 
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no instance has it been possible to incriminate 
food or water, and it seems unlikely that these 
were the source of any of the epidemics. The 
epidemiological evidence in most instances 
does not indicate person-to-person transfer, 
and this observation is borne out by the ex- 
perience of the hospitals where the men were 
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Cuart 31. Incidence of Q fever in a battalion of 900 
men stationed near Pagliana, Italy, during the spring of 
1945. (Robbins, F. C., Gauld, R. L., and Warner, F. Be 
1946, Q fever in the Mediterranean area: report of its 
occurrence in Allied troops. II. Epidemiology. American 
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guinea pigs by feeding (Parker and Davis, 
1938). 

The explosive character of certain of the 
outbreaks of Q fever among troops in Italy 
is well illustrated in Chart 31, which pre- 
sents graphically the hospital admissions 
by days of 269 cases which occurred during 
a three-week period in an infantry battalion 
having a total strength of 900. The following 
discussion of the epidemiologic factors 
involved in the Italian outbreaks is quoted 
from Robbins, Gauld and Warner (1946). 


Between 20 and 30 per cent of the strength 
of the units involved were attacked, but, in 
spite of this high attack rate, there appeared 
to be a distinct tendency for the epidemics to 
remain localized and to affect only the units 
occupying certain billets. This gave rise to the 
hypothesis that in Italy Q fever is what is 
known as a “place infection.” Some of the 
outbreaks were explosive in character pointing 
to infection through a common source but in 


cared for. In spite of the absence of isolation 
precautions, there were no cross infections on 
any of the wards. The possibility of insect 
transmission must be considered, but the al- 
most universal failure of the cases to report 
bites is unusual if this is the mode of transfer. 

The majority of the epidemics was found to 
be associated with animal life, such as pigeons, 
rats, mice, and cattle, and there is a distinct 
possibility that some of these, or other lower 
animals not noted in the investigations, may 
serve as reservoirs of the infection. The asso- 
ciation with dust, either accumulated in attics 
or on hay and straw, is quite striking. Such 
dust could be infected by contamination from 
excrement of any of the animals noted above 
or from their insect parasites. .. . The evi- 
dence presented that Mediterranean © fever 
also occurs as a sporadic disease is highly 
significant, and suggests that a large propor- 
tion of the cases diagnosed as primary atypi- 
cal pneumonia in Italy, at least, was due to 
the rickettsia of Q fever... . The finding of 
complement-fixing antibodies in the blood sera 
of a large proportion of the adult civilian 
population of the town of Pagliana is evidence 


REFERENCES 


that the disease is endemic among civilians in 
the North Apennines. 


CONTROL MEASURES 

Satisfactory control of Q fever as regards 
both the individual and the group remains 
to be accomplished. It is difficult to see 
how any preventive measures other than 
immunization of the individual would prove 
of value in control of the disease which 
occurs among slaughter-house workers. No 
data are available on the efficacy of Q fever 
vaccine in man, but it is known that vacci- 


nated human beings develop specific com- 
plement-fixing antibodies (Smadel, Snyder 
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and Robbins, 1948). By employing the most 
elaborate precautions in the laboratory one 
might hope to prevent widespread infection 
involving innocent bystanders, but protec- 
tion of the active worker by these means 
against infection resulting from accidents 
could not be expected. Here again the use 
of vaccine would be worthy of trial. 

Rather extensive hospital experience has 
indicated that danger of transmission of the 
disease by patients is so slight that quaran- 
tine and extensive isolation precautions are 
unwarranted; nevertheless, careful sterili- 
zation of the sputum and excreta is recom- 
mended. 
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Infections of Minor Importance 


Diseases of minor importance will be dis- 
cussed briefly in this chapter. Some of them, 
e.g., foot-and-mouth disease and Newcastle 
disease, are devastating maladies of lower 
animals which occur only rarely in human 
beings. Others, e.g., warts, are extremely 
common in man but rarely produce serious 
illness. Still another, trench fever, caused a 
tremendous loss of man-days during World 
War I but in the last fifteen or twenty years 
has dropped almost completely, if not en- 
tirely, out of the picture. 


FOOT-AND-MOUTH DISEASE 


(SynonyMs: Fiévre aphteuse, Maul-und 
Klauenseuche, aphthous fever, epizootic 
aphthae, epizootic stomatitis) 

Foot-and-mouth disease is a highly con- 

tagious infection of cloven-footed animals, 
especially of cattle, pigs, sheep, and goats, 
and is rarely transmitted to human beings 
who become infected by ingestion of virus- 
contaminated food, by handling the active 
agent, or through contact with affected 
animals. Since epizootics of the disease are 
rare in the United States, the malady in 
human beings in this country is uncommon. 
The disease in lower animals is charac- 
terized by fever, salivation and the appear- 
ance of large, coalescing vesicles in the 
mucous membranes of the mouth, tongue 
and lips, and in the skin of the hoofs, dew 
claws, interdigital areas, and udder. The 
disease in human beings manifests itself, 
after an incubation period of 2 to 18 days, 


by fever, salivation, vesicles in the mucous 
membranes of the mouth, pharynx, lips, 
and tongue and in the skin of the soles, 
palms, digits and interdigital areas. Within 
a few days, the vesicles rupture leaving 
ulcers with undermined, irregular edges. 
Eventually healing is complete without scar 
formation (Flaum, 1939), The histopatho- 
logic picture of experimentally induced 
lesions consists of hyperkeratosis, swollen 
and hyperplastic cells of the Malpighian 
layer which disintegrate to form loculated 
vesicles, intranuclear inclusions in cells near 
the vesicles, and infiltration of adjacent 
tissues with polymorphonuclear leukocytes. 
The disease can be transmitted experi- 
mentally to the guinea pig by cutaneous 
and subcutaneous inoculation of the foot 
pads. Rabbits, rats, mice, dogs and cats are 
irregularly susceptible, while fowl (except 
ducks), ferrets and horses are usually re- 
sistant. The resistance of the horse is of 
prime importance, for it serves to differenti- 
ate the virus of foot-and-mouth disease from 
that of equine vesicular stomatitis. 

The diameter of the virus as determined 
by filtration through gradocol membranes is 
10 to 12 millimicrons. The virus in tissues 
is fairly resistant to disinfectants; the most 
practicable virucidal agent is 0.5 to 2 per 
cent sodium hydroxide (Olitsky, Traum 
and Schoening, 1928). The active agent is 
stable in two pH zones, namely, 2.5-3.5 and 
6.5-10.0. It can be grown in tissue cul- 
tures only when embryonic material from 
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susceptible species is used. There are three 
immunologically distinct strains. During 
convalescence, human beings and _ lower 
animals produce antibodies specific for the 
particular strain inducing the infection. 

Diagnosis is accomplished by the isola- 
tion and identification of the causal agent, 
and by serologic tests. There is no specific 
treatment. Since the virus is found in the 
blood, saliva, urine, feces, milk, and vesicu- 
lar lesions of infected animals, such ma- 
terials, as well as infected fodder, hair, 
bones, hides, meat, and dairy products, play 
an important rdle in the spread of infection. 
The boiling or pasteurizing of farm products 
under suspicion should be adequate for con- 
trol of the disease in a human population. 
Ruthless slaughter of susceptible hosts is 
the most successful means of controlling 
epizootics ; a less successful method consists 
of using hyperimmune serum and vaccines 
(Waldmann, 1938). 


NEWCASTLE DISEASE 


(SyNonyms: Avian pseudoplague, 
avian pneumoencephalitis) 

Newcastle disease is an epizootic infec- 
tion of fowl characterized by viremia and 
signs of involvement of the respiratory, 
gastro-intestinal and central nervous Sys- 
tems. The disease has been recognized as a 
distinct clinical and pathologic entity since 
the work of Doyle (1927) and has been 
encountered in continental Europe, Eng- 
land, Asia, Africa, and Australia. It was 
first recognized in the United States as 
pneumoencephalitis, in California (Beach, 
1946) ; it is known to have reached the East 
coast by 1944, Beach (1944) showed that 
the viruses of Newcastle disease and pneu- 
moencephalitis are immunologically identi- 
cal. The present opinion is that pneumonic 
and nervous signs dominate the American 
type of infection, while respiratory and 
gastro-intestinal signs are the most obvious 
in the Old World type (Brandly et al., 
1946a). The malady occasionally attacks 
human beings who handle infected fowl or 
work with the virus, manifesting itself 
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chiefly as a superficial conjunctivitis; at 
least 3 proved (Burnet, 1943; Anderson, 
1946) and 17 suspected cases (Yatom, 
1946) have been reported. 

Newcastle disease in fowl usually has an 
incubation period of 4 to 11 days. Onset 
is sudden with drowsiness, rapid respiration 
and fever, Then, diarrhea sets in, brown 
fluid or saliva drools from the beak, a thick 
mucous discharge from the nose appears, 
and respiratory distress, cyanosis and 
petechiae of the wattles and comb occur. 
Opisthotonos, convulsions, ascending pare- 
sis, and abnormal movements have also been 
observed. Death ensues, usually on the 
sixth to eighth day; in the United States 
the mortality rate is comparatively low in 
adult birds. The disease in fowl produces 
multiple focal necroses in the viscera and 
hemorrhages, especially in the respiratory 
and alimentary tracts; at times an intersti- 
tial pneumonitis is observed. The CNS may 
show localized meningoencephalitis charac- 
terized by areas of necrosis of the ground 
substance, neuronal necrosis and degenera- 
tion, and small hemorrhages. 

The three proved cases in man occurred 
in laboratory workers handling the virus, 
in whom the incubation period varied from 
a few hours to two days. The disease mani- 
fests itself as a unilateral superficial con- 
junctivitis without involvement of the 
cornea; or a syndrome, consisting of con- 
junctivitis,  preauricular lymphadenitis, 
headache, malaise and chills, without. sig- 
nificant rise in temperature, may occur. All 
reported patients have recovered completely 
within 1 or 2 weeks. 

The natural disease is observed in 
chickens, turkeys, pheasants, guinea fowl, 
Sparrows, crows, francolins and parrots ; 
experimental infection has been achieved 
in chick embryos, ducks, geese, pigeons and 
several varieties of wild birds. Large doses 
of virus given to mice intranasally produce 
consolidation of the lungs, but it is not 
possible to transfer the disease from mouse 
to mouse. Ferrets show no apparent malady 
after intranasal application of the active 
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agent but do develop specific antibody. 
Guinea pigs, rabbits and pigs are resistant. 
Transmission of the disease can be effected 
by means of blood, brain, viscera, oral and 
nasal secretions, and feces. All routes of 
inoculation, except the intramuscular which 
may be followed by irregular results, can be 
employed successfully. The diameter of the 
virus as determined by filtration through 
gradocol membranes is 80 to 120 millimi- 
crons, and 115 millimicrons (Bang, 1946) 
by electron micrography. The virus particle 
is filamentous (Bang, 1946) or spermlike 
(Cunha et at., 1947). According to the latter 
workers, it is difficult to estimate accurately 
the size of the active agent. They mention 
the following figures: width of head 70 
millimicrons, length of head 180 milli- 
microns, and length of tail 500 millimicrons. 
It is said to be filterable through Berkefeld 
V,N and W candles, Chamberland L., and 
L, filters, and Seitz pads. It is inactivated 
at 60° C. for 30 minutes and at 55° C. 
for 45 minutes, by photodynamic action 
of methylene blue, by ultraviolet radia- 
tion, by 1:5,000 dilution of formalin, and 
by N/50 sodium hydroxide in 1 hour but 
not by N/25 hydrochloric acid, Newcastle 
virus remains active at pH 4 for at least 
a week (Brandly et al., 1946b). The virus 
is preserved in 50 per cent glycerol, by 
being kept frozen at —70° C., and by 
lyophilization. 

The virus multiplies readily in embryo- 
nated eggs, and allantoic fluid from infected 
embryos is capable of causing agglutination 
of fowl erythrocytes and also those of cer- 
tain other species (Burnet, 1943). Hemag- 
glutination caused by Newcastle disease 
virus is inhibited by serum containing anti- 
bodies against the active agent. The hemag- 
glutination reaction has made possible the 
development of simple and rapid in vitro 
technics by means of which the presence 
and the concentration of the virus as well 
as specific antibodies against it can be deter- 
mined. This hemagglutination is in some 
respects analogous to that caused by certain 
other viruses, e.g., those of influenza and 


(Burnet, 1945). Further details 
regarding the reaction are given in the 
chapter on influenza. Burnet and Anderson 
(1946) reported that human erythrocytes 
treated with Newcastle disease virus were 
agglutinated by 
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immune serum 
against this agent and also by serum of 


specific 


some patients with infectious mononucleo- 
sis. Although the basis for this unusual 
reaction is not yet understood, the occur- 
rence of the phenomenon has been con- 
firmed by Florman (personal communica- 
tion). Neutralizing antibodies against New- 
castle disease virus develop following 
infection with the agent in man and suscep- 
tible lower animals. They are produced also 
by animals which are resistant to infection 
following parenteral injection of the virus. 
Specific antibodies can be detected, and 
their titer can be determined by means of 
the hemagglutination-inhibition test, or the 
virus-neutralization test in chick embryos. 

The diagnosis of Newcastle disease in 
human beings is made by (1) a history of 
exposure to the virus or to fowl ill with the 
disease; (2) isolation of the virus from the 
conjunctival exudate and its identification 
by means of the hemagglutination-inhibi- 
tion test; and (3) determination of the 
development of specific neutralizing anti- 
body by tests on paired sera collected from 
patients during the acute and convalescent 
stages of the disease. There is no specific 
treatment available. Penicillin has no effect 
on the virus. 

The few human cases reported point to 
the fact that exposure to the virus or to 
affected fowl is essential for infection. In 
fowl the disease is ordinarily conveyed by 
contact. A natural resistance develops with 
age, and passive immunity can be conferred 
upon a chick by way of the egg yolk of an 
immune dam (Brandly et al., 1946a). The 
prevention of the disease in man depends 
on protection from infection when exposed 
to the virus or affected fowl. The prevention 
of the disease in birds has been shown to 
be possible through the use of formolized 
or irradiated vaccines, or, if a stronger and 
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more durable immunity is desired, by the 
employment of such vaccine followed by 
a vaccine consisting of modified, active virus 
(Brandly et al., 1946c). 


OVINE PUSTULAR DERMATITIS 


(Synonyms: Contagious pustular der- 
matitis of sheep, contagious ecthyma, 
infectious labial dermatitis, “scabby 
mouth”’) 

Ovine pustular dermatitis is a world- 
wide infectious disease of sheep character- 
ized by a vesicopustular eruption usually 
confined to the lips and adjacent tissues, 
but sometimes it attacks other nonwool- 
bearing parts of the body and causes serious 
systemic disturbances. It is a nosologic 
entity distinct from vaccinia, variola and 
sheep-pox. The mortality rate in sheep 
varies from 5 to 60 per cent. The virus was 
discovered in 1928, passes through Berke- 
feld V and Chamberland L, candles, and 
can be preserved in 50 per cent glycerol 
and by desiccation. It has been adapted to 
guinea pigs, rabbits, dogs, calves, goats and 
macaque monkeys. A solid immunity can 
be achieved in sheep by vaccination with 
active virus. 

The disease is transmissible to man in 
whom it appears as a mild exanthematous 
malady. Recently Carne et al (1946) re- 
ported the occurrence of the infection in 
3 persons who were in close contact with 
affected lambs and from whom the virus 
was recovered and identified by animal pas- 
sage and immunologic tests. The period of 
incubation was 3 to 6 days. The lesions were 
limited to the skin of the hands in which 
were noted papules that attained a diameter 
of 5 to 10 mm. within 14 days ; local tender- 
ness, lymphadenitis, headache, and malaise 
occurred. The papules exhibited central 
softening with serous exudate and dis- 
appeared within three or four weeks. The 
serous exudate applied to the scarified skin 
of lambs induced the typical ovine disease. 
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INFECTIOUS ANEMIA OF HORSES 


(Synonyms: Swamp fever of horses, 
pernicious anemia of horses, equine 
“malaria” ) 

Infectious anemia of horses may be acute 
or chronic and is characterized by viremia, 
fever, progressive anemia, edema, and ema- 
ciation. It is widely distributed over the 
world and is rarely transmitted to man. 
The acute disease in horses endures for 4 
days to three weeks, while the chronic type 
may last for years, during which time the 
virus may be found in the blood. The dis- 
ease in man manifests itself by fever, 
anemia, diarrhea, nephritic pain, and 
viremia. The blood of one person was infec- 
tive for horses over a period of three years. 
The virus was discovered by Vallée and 
Carré (1904); its diameter as determined 
by filtration through gradocol membranes 
is 18 to 50 millimicrons. Equine animals are 
susceptible, while ordinary laboratory ani- 
mals are resistant. Transmission can be 
effected by the parenteral injection of infec- 
tious material, by biting flies ( Stomoxys 
calcitrans), or by virus coming in contact 
with abraded skin or mucous membranes 
(Stein et al., 1944). The idea, formerly held, 
that infection by ordinary contact or feed- 
ing is possible, has not been substantiated 
experimentally. There is no specific treat- 
ment, and control measures consist of isola- 
tion or extermination of affected animals. 
It is important to note that all antisera 
made in equine animals for use in man or 
equine animals must be produced in a man- 
ner to eliminate the possibility of their 
containing the virus of infectious anemia 
In an active state. 


WARTS: VERRUCAE 


There are several types of wart (van 
Rooyen and Rhodes, 1940) which vary in 
appearance, location and preference of age. 
The types usually recognized are common 
warts, digitate warts, juvenile (plane) 
warts, filiform warts, genital warts and 
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laryngeal papillomata. Common warts usu- 
ally occur as discrete, oval, gray, dry 
growths on the hands. Juvenile warts are 
small, flat growths usually occurring in 
groups on the face. Digitate warts are 
growths broken into folds and are found on 
the face and scalp. Filiform warts are deli- 
cate threadlike growths on the eyelids and 
neck, Genital warts are small, gray, rough 
nodules which appear in the coronal sulcus 
of the penis or on the labia and around 
the vaginal orifice. During pregnancy they 
increase in size but become smaller after 
its termination. In the female, because of 
the moisture around the genital regions, 
warts may become large and secondarily 
infected with bacteria. Laryngeal papil- 
lomata are flat or pedunculated and occur 
singly or in groups; they may recur after 
removal. 

It has been definitely shown that an agent 
filterable through Berkefeld candles of all 
grades of porosity is responsible for warts. 
The virus survives a temperature of 50° C. 
for 30 minutes. Furthermore, most workers 
believe that a single etiologic agent is re- 
sponsible for the different types of wart 
mentioned. Practically all the experimental 
work has been done with human volunteers 
(Wile and Kingery, 1919; Kingery, 1921). 
Laryngeal papillomata are the only warts 
that have been transmitted to lower animals 
and this was accomplished by injecting the 
infectious material into the vaginal mucosa 
of bitches. Warts of dogs and cattle are not 
transmissible to man. The incubation period 
in the experimental disease has been as 
follows in reported experiments: 1, 6, 8, 
and 20 months, respectively. 

If warts are made to bleed, new lesions 
may occur in neighboring parts of the skin. 
They are spread by direct or indirect con- 
tact in barber shops, bathing pools, chiropo- 
dists’ offices, hair-dressing establishments, 
and other places of similar character. The 
epithelium is the only tissue involved by 
some warts and shows a hyperkeratosis and 
many mitotic figures. In some warts, how- 
ever, the deeper tissues are involved and 
at times show a slight inflammatory reac- 
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tion. No specific inclusions have been 
found. Warts usually disappear  spon- 


taneously, and there is evidence that some 
immunity is present in a patient after re- 
covery. Many kinds of treatment have been 
devised for warts, but none is specific. 


TRENCH FEVER 


(SYNONYMS: Wolhynian fever, His- 
Werner disease, shin fever, shank 
fever) 

Trench fever (Swift, 1919-1920) was 
characterized by sudden onset, chilly sen- 
sations, headache, dizziness, postorbital 
pain, nystagmus, injection of conjunctivae, 
severe pains in legs and back, relapsing 
fever, tachycardia, large spleen, and several 
crops of erythematous macules or papules 
on the chest, abdomen and back. About 
one-half of the patients had only one bout 
of fever, while the others had 3 to 8 relapses. 
The incubation period in most of the human 
volunteers ranged from 14 to 30 days. Most 
patients recovered in 5 or 6 weeks; others 
were sick for several months and in some 
instances for a year or two. White blood 
cell counts were not characteristic and 
varied from 4,000 to 27,000 per c.mm, The 
disease was never fatal and what is known 
concerning the pathologic picture was deter- 
mined from biopsies of skin which showed 
inflammation around the small blood vessels 
without involvement of the walls of the 
vessels as is the case in typhus fever and 
Rocky Mountain spotted fever. 

The disease was unknown until 1915, 
but during World War I it involved at least 
1,000,000 men. With the exception of in- 
fluenza, it caused the loss of more man-days 
in the armed forces than did any other sick- 
ness. It is believed to have come from 
Russia and is known to have occurred in 
England, France, Flanders, Salonica, Meso- 
potamia, Italy, Germany and Austria. Since 
World War I, the disease has ceased to be 
recognized. 

Several commissions (Strong et al., 1918) 
were appointed to investigate trench fever 
and the combined results of the experi- 
mental work showed that none of the usual 
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laboratory animals is susceptible to the 
disease. By use of human volunteers, it was 
shown that the etiologic agent was present 
in blood, sputum and urine. In 3 of 5 experi- 
ments the agent was passed with difficulty 
through Chamberland L filters. It resisted a 
temperature of 60° C. moist heat for 30 
minutes, but was inactivated by a tempera- 
ture of 70° C, moist heat for a similar length 
of time. Body lice, Pediculus humanus, var. 
corporis, was shown to be the vector; it 
became capable of transmitting the disease 
5 to 10 days after having fed upon a patient. 
The etiologic agent was demonstrated in 
the lice and in their feces. Since the disease 
Was transmitted by bites, it is obvious that 
the infectious agent was either in the saliva 
or in the material regurgitated during the 
process of biting. Human volunteers were 
also infected by bringing the causative agent 
in contact with abraded skin. Once a louse 
had been infected, it excreted the active 
agent for the remainder of its life which 
was not shortened as a result of the infec- 
tion. The virus was not transmitted to 
larvae through eggs. Small bodies similar to 
rickettsiae were found in the guts of in- 
fected lice and in their feces, and were not 
present in the absence of infection. Many 
observations of this kind induced most in- 
vestigators to plxce trench fever in the 
rickettsial group of diseases. The etiologic 
agent was picked up from patients by lice 
during the first few weeks of the disease. 
A patient who had completely recovered 
was no longer a source of danger. Some 
patients had a chronic infection, and in sev- 
eral instances lice became infected by biting 
such patients as late as the 300th and 443rd 
day after onset of illness. The immunity 
that developed was considered to endure for 
only a short time, viz., several months. 
Treatment of the disease was symptomatic, 
and its control consisted of eradicating lice. 


MOLLUSCUM CONTAGIOSUM 


Molluscum contagiosum has been known 
as a Clinical entity since 1817. The incuba- 
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tion period as determined by inoculation of 
human volunteers has been stated by three 
sets of investigators to be 50, 14 to 25, and 
35 days, respectively. The disease is char- 
acterized by the formation of multiple dis- 
crete nodules, limited to the epidermal layer 
of the skin, with an average diameter of 2 
millimeters. The lesions may appear on the 
face, arms, legs, buttocks, genitalia, or 
scalp; rarely in the mucous membranes of 
the mouth; and never on the soles and 
palms. The nodules are usually red and 
painful, and at the apex of each there is 
often an opening through which a small, 
white core can be seen. Some of the lesions 
may become secondarily infected with bac- 
teria and break down. The disease is chronic 
and several months may be required for 
recovery. 

Lesions involve circumscribed areas of the 
epidermis which become thickened by hy- 
perplasia and hypertrophy of infected epi- 
thelial cells. In the germinal layer, hyper- 
plasia is evidenced by an increase in mitotic 
figures. In cells above the germinal layer, 
definite pathologic changes in the nuclei 
and cytoplasm become obvious. As the sur- 
face of the epidermis is approached, these 
changes become more and more marked so 
that eventually each cell is many times 
larger than normal and the cytoplasm is 
filled with a large, hyaline, acidophilic, 
granular mass, known as the molluscum 
body, which pushes the nucleus to the edge 
of the cell. A fully developed lesion is usu- 
ally loculated, and there is very little reac- 
tion in the corium unless a nodule is sec- 
ondarily infected by bacteria. 

The disease is not a serious one but is of 
particular interest because of discussions 
concerning the architecture and significance 
of the molluscum body which at one time 
was considered a protozoan parasite. Ac- 
cording to Goodpasture and his associates 
(Goodpasture and King, 1927; Goodpasture 
and Woodruff, 1931), the molluscum body 
is surrounded by desiccated cytoplasmic 
protein which extends into the Structure to 
form trabeculae. The covering and trabecu- 
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lae can be digested away by trypsin: this 
procedure leaves a sticky, gelatinous mass, 
wthin which numerous elementary bodies, 
first described by Lipschiitz (1907), are 
embedded. According to van Rooyen (1938: 
1939), the molluscum body is not a inixture 
of cytoplasmic material and virus elemen- 
tary bodies but constitutes a foreign entity 
in the cell resulting from the growth of an 
elementary body which passes through de- 
velopmental stages finally to form a large 
structure surrounded by a membrane with 
an operculum at one pole and filled with 
elementary bodies. He believes that this 
structure has certain resemblances to the 
sporangium of a fungus, for example, Rino- 
sporidium seeberi, which causes polyps in 
the nasal mucous membranes. Molluscum 
bodies have diameters ranging from 20 to 
30 u, while an elementary body has a diam- 
eter of approximately 0.25 u (Lipschitz, 
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1907). The latter stains well by Morosow’s 
method (1926), Elementary bodies are said 
by various workers (van Rooyen and 
Rhodes, 1940) to pass through Chamber- 
land L, and Berkefeld V filters. The virus 
retains its activity in 50 per cent glycerol 
for at least a month. 

Man is the only known host; attempts to 
infect monkeys, apes, sheep, fowl, rabbits, 
guinea pigs, and mice have been unsuccess- 
ful. Molluscum contagiosum has a world- 
wide distribution, is particularly prevalent 
in certain areas, for example, Edinburgh; 
it is seen most frequently in children, but 
persons of all ages may be attacked; it is 
transmitted by personal contact or by fo- 
mites. There is no specific treatment. Some 
workers have stated that X-rays lead to 
rapid healing of the lesions; others have 
noted that healing takes place following 
bacterial invasion. 
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Encephalomyocarditis 


INTRODUCTION 


A mild febrile disease of man, called 
“three-day fever,’’ occurred in epidemic 
form in Manila in 1945-46. This outbreak 
was caused by an agent identical with or 
closely related to a new virus of simian 
origin. 


HISTORY 


In 1944, Helwig and Schmidt (1945) re- 
covered a filterable, transmissible agent 
from the pleural fluid of a captive chim- 
panzee which had died in Florida of a bi- 
lateral hydrothorax, pericardial effusion, 
and acute interstitial myocarditis. Warren 
and Smadel (1946) found the virus unre- 
lated immunologically to a number of other 
viruses and designated it the virus of “en- 
cephalomyocarditis” (E.M.C.). Studies de- 
signed to determine the relation of the new 
virus to disease in man resulted in the find- 
ing that neutralizing antibody against the 
encephalomyocarditis agent appeared dur- 
ing convalescence in the sera of a group of 
American soldiers who had experienced a 
short febrile illness while stationed in the 
Philippine Islands (Smadel and Warren, 
1947). This mild syndrome was seen in a 
number of outbreaks of illnesses among our 
troops and affected several hundred men 
during the winter of 1945 and 1946 in 
Manila. 


CLINICAL PICTURE 


The onset of the disease is sudden with 


a moderately high fever, reaching 104° F. 
in some instances, and severe headache. 
The fever lasts for two or three days and is 
often accompanied by a stiff neck, a positive 
Kernig’s sign, hyperactive deep reflexes, and 
pharyngitis. An occasional patient is coma- 
tose on admission to the hospital. The only 
notable laboratory finding is pleocytosis of 
from 50 to 500 cells, principally lympho- 
cytes, in the spinal fluid. All patients re- 
cover promptly and usually are discharged 
from the hospital in four or five days. There 
are no known sequelae and no signs of 
cardiac disease have been observed. On the 
basis of these findings, a clinical differentia- 
tion of encephalomyocarditis from aseptic 
meningitis, poliomyelitis or the denguelike 
fevers is not possible. 


PATHOLOGIC PICTURE 


No deaths have been reported among the 
patients with this virus infection. 


EXPERIMENTAL INFECTION ; 
HOST RANGE 


Mice, cotton rats and hamsters are highly 
susceptible to the virus of encephalomyo- 
carditis. Mice of all ages die following 
inoculation by any of the usual routes with 
4 10~ dilution of a suspension of brain 
tissue from moribund mice, hamsters or 
cotton rats. Within 72 or 96 hours such an 
inoculum produces clinical signs consisting 
of flaccid paralysis, lethargy and ruffled 
coat, and invariably leads to prostration and 
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death. When greater concentrations of virus 
are given intracerebrally, death occurs in 
mice, hamsters and cotton rats as early as 
18 hours after inoculation; such animals 
show no paralysis but die with signs of an 
acute encephalitis. Guinea pigs and rabbits 
develop a mild infection characterized by 
fever from the first to fifth day after in- 
oculation. Only an occasional guinea pig 
becomes paralyzed, but all animals develop 
infection as evidenced by the appearance of 
neutralizing antibody. The response of rhe- 
sus monkeys to the virus is variable, ranging 
from an acute febrile course followed by 
death within the first week to an inapparent 
infection characterized by transient fever 
and subsequent appearance of neutralizing 
antibody in the serum. The virus can be 
propagated in the developing chick embryo 
causing death within 72 or 96 hours without 
pathognomonic lesions. Emulsions from in- 
fected embryos are infectious at dilutions 
of 10-7 when titered intracerebrally in mice, 
while allantoic fluids possess titers of 10 
to 10-°. Viremia occurs during some portion 
of the febrile period in infected animals of 
all species mentioned above. Virus usually 
persists for several days and titered blood 
specimens are infectious in dilutions of 
LOE: 

Lesions in experimentally infected ani- 
mals are limited almost entirely to the cen- 
tral nervous system and the heart. The 
extent of the pathologic changes is related 
to the duration of the disease. Thus, in 
animals which survive only one or two days 
lesions are minimal. When the incubation 
period is prolonged to four or five days by 
giving a small dose of virus by a peripheral 
route, the usual microscopic lesions of en- 
cephalitis are encountered. These consist of 
congestion of the capillaries and infiltrations 
of lymphocytes and mononuclear cells 
into the subarachnoid space and cerebral 
parenchyma. In addition, collars of mono- 
nuclear cells are seen around capillaries in 
the brain. However, neither the meningitis 
nor cuffing is intense. The most striking and 
characteristic change consists of sharply 
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demarcated focal areas of necrosis scattered 
throughout the central nervous system, most 
common in the cerebellum where they usu- 
ally involve the granular and Purkinje cell 
layers. 

Infected animals dying after a number of 
days exhibit focal areas of necrosis in the 
myocardium which are visible as pale yellow 
plaques 0.5-2.0 mm. in diameter. Micro- 
scopically, the extent of a lesion ranges from 
involvement of a single muscle fiber to an 
acute interstitial myocarditis involving a 
large area of the myocardium. The patho- 
logic process appears to begin with swelling 
and loss of striation in a muscle cell which 
progresses to complete necrosis. Cellular 
infiltrations are usually extensive with 
lymphocytes and histiocytes predominating. 
Focal granulomatous lesions containing 
multinucleated giant cells have also been 
observed in the hearts of occasional mon- 
keys and mice. 


ETIOLOGY 


The agent of encephalomyocarditis is one 
of the very small viruses. It readily passes 
Berkefeld and Seitz filters, and through 
gradocol membranes with an average pore 
diameter of 30 mu. Thus, the diameter of 
the infective particle probably lies in the 
range of from 8 to 15 millimicrons. The 
virus is quite stable at —70° C. or —20° C.. 
and can be preserved in 50 per cent glycero! 
or in the lyophilized state; it is inactivated 
by a temperature of 60° C. for 30 minutes 
but not by 56° C. for one-half hour. 

Specific neutralizing antibodies for the 
virus appear in the sera of convalescent ani- 
mals and man. In the rhesus monkey and 
in man these develop late in the first week 
or early in the second. Tests for neutralizing 
antibodies are performed in mice by means 
of the intracerebral or intraperitoneal route 
for inoculation of serum-virus mixtures, 
Convalescent human sera protect against 
several thousand minimal lethal doses 
(MLD) when tested by the latter method. 
while sera from immune monkeys often 
neutralize a million or more MLD’s. 


REFERENCES 


Neutralization and immunity tests have 
shown no relationship between the virus of 
encephalomyocarditis and the agents of the 
epidemic viral encephalitides, lymphocytic 
choriomeningitis, and West Nile, Rift Val- 
ley, Semliki Forest, dengue and yellow 
fevers. Furthermore, reciprocal cross-neu- 
tralization tests have revealed no similarity 
between this agent and the Lansing strain 
of poliomyelitis or the GD-VII strain of 
murine encephalomyelitis; nor do antisera 
against the SK-Yale strain of poliomyelitis 
virus neutralize the encephalomyocarditis 
agent. However, very recently cross-neu- 
tralization tests have provided some evi- 
dence of similarity between encephalomyo- 
carditis virus and two so-called strains of 
rodent viruses, namely, the “SK-murine 
strain” (Jungeblut, Feiner and Sanders, 
1942) and the “MM strain” (Jungeblut 
and Dalldorf, 1943). The taxonomic posi- 
tion of the last two agents mentioned re- 
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quires clarification as does the problem of 
their relation to encephalomyocarditis virus. 


DIAGNOSIS 


The symptoms and signs of encephalo- 
myocarditis are not sufficiently diagnostic 
to permit its differentiation from a number 
of short febrile illnesses. Hence, diagnosis 
rests on the results of laboratory tests such 
as isolation and identification of the virus, 
or the demonstration of the development 
during convalescence of specific neutralizing 
antibody. 


TREATMENT 
Treatment is symptomatic. 


EPIDEMIOLOGY 


No information is available regarding 
epidemiology of this infection. 


CONTROL MEASURES 


No control measures are known. 
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Dermacentroxenus rickettsi, var. pijperi, as etiologic 
agent of South African tick-bite fever, 508 
Dermanyssus gallinae, as vector of St. Louis en- 
cephalitis, 175 
Dermatitis, labial, infectious, 542 
pustular, ovine, 542 
of sheep, contagious, 542 
Dermotypho. See Typhus fever 
Desoxypentose mucleic acid, in viruses, 54 
Dichloro-diphenyl-trichlorethane. See DDT 
Diffusion, for determination of shape and size oi 
virus, 32 
to determine shape of a particle, 39 
general discussion, 32-42 
Diffusion constant, 33 
measurement of, 33-34 
Diffusion cup (cell), 34, 34 
Diphtheria, attack rate, secondary, 143 
Discovery of viruses, by filtration, 18 
Disease, blue. See Rocky Mountain spotted fever 
Disintegration, kinetics of, 59-62 
Dogs, for experiments, with rabies, 220, 222-22. 
with Rocky Mountain spotted fever, 497 
use in diagnosis of rabies, 231 
Dothiendermie aigué. See Boutonneuse fever 
Drugs, use in viral and rickettsial diseases, 14-15 
Driisenfieber. See Mononucleosis, infectious 
Dver “X” strain of American Q fever, 532 


Ecology of human infections, 12-13 
von Economo’s disease, 165-170 
clinical picture, 167, 169 
incubation period, 167 
diagnosis, 169 
epidemiology, 169-1 70 
etiology, 169 
history, 165, 167 
neuronophagia, 168, 169 
pathologic picture, 169 
treatment, 169 
Ecthyma, contagious, 542 
Ectodermoses, 163 
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Ectromelia, agglutination of erythrocytes, 78 
hemagglutinins of, 81 
Eczema herpeticum, 383-384, 385, 387 
Einstein-Sutherland equation, 35 
Electron microscope, for determination of shape and 
size of virus, 32 
metal shadowing technic, 45, 46 
micrograph of Rickettsiae tsutsugamushi, 520, 
520 
operation of, 44 
results evaluated, 46-48 
rickettsiae of epidemic typhus, 474 
in study, of bacterial viruses, 148-149, 149 
of vaccinia virus, 328 
of viruses, 43-48 
Electrophoresis, 51-54 
Electrophoresis, apparatus, 26 
to determine homogeneity of virus preparation, 53 
to establish identity between a particle and the 
infectious entity, 53-54 
for purification of viruses, 53 
to test purification of virus product, 29-30 
Elementary bodies, in conjunctivitis, inclusion, 360, 
361 
and infective units, quantitative correlation, in 
vaccinia, 327 
LS antigen in, of virus of vaccinia, 330-331, 330 
NP antigen in, of virus of vaccinia, 331 
in propagation of viruses and rickettsiae, in tissue 
culture, 124 
trachoma, 360, 361 
Embryonic extracts, for propagation of viruses and 
rickettsiae in tissue cultures, 116 
Encephalitides, epidemic, complement-fixation _ tests 
in, 73-74 
viral, of North America, neutralization test for 
diagnosis of 68-70 
general pathologic picture, 165 
summer, general considerations, 206-207 
viral, 163-208 
classification, 163 
definition, 163 
demyelinating, 164-165 
epidemic, dates when first reported, 164 
newly discovered, dates when first reported, 
164 
nonepidemic, conveyed to man by bites of lower 
animals, dates when first reported, 164 
pathogenesis of, 207-208 
pathologic picture, general, 166, 167 
postinfection, 164-165 
Encephalitis, American, See Encephalitis, St. Louis 
clinical picture, 165 
definition, 163 
during the course of other viral diseases, 201 
eastern equine, 186-188 
clinical picture, 186 
comparison with western equine, 187 
control measures, 188 
diagnosis, 187 
epidemiology, 187-188 
etiology, 187 


experimental infection and host range, 187 


Encephalitis—( Continued ) 


etiology—(Continued) 
history, 164, 186 
pathologic picture, 186-187 
size of virus, 187 
treatment, 187 
vectors, 188 
von Economo’s history, 164 
epidemic. See von Economo’s disease 
equine, serologic reactions, 88 
Ilhéus, history, 164 
infective agents, 163 
Japanese. See Encephalitis, Japanese B 
Japanese B, 175-180 
abortive type, 176 
antibodies, 178-179 
clinical picture, 176 
incubation period, 176 
control measures, 180 
diagnosis, 179 
epidemiology, 179-180 
etiology, 178-179 
experimental infection and host range, 177-178 
monkeys, rhesus, 177-178 
white mice, 177 
history, 164, 175-176 
lesions found in central nervous system, 166, 167 
meningoencephalomyelitic type, 176 
pathologic picture, 176-177 
possible vectors, 179-180 
serologic reactions, 88 
size of virus, 178 
treatment, 179 
postinfection, 202-205 
clinical picture, 202-203 
incubation period, 202 
control measures, 205 
vaccination, 205 
diagnosis, 204-205 
epidemiology, 205 
etiology, 204 
theories advanced, 204 
history, 164, 202 
pathologic picture, 202-204 
treatment, 205 
postmeasles. See Encephalitis, postinfection 
perivascular demyelination, 168, 169 
postvaccinal. See Encephalitis, postinfection 
perivascular demyelination, 168, 169 
perivascular infiltration of cerebral vessel, 168, 
169 
Russian autumnal. See Encephalitis, Japanese B 
Russian endemic. See Encephalitis, Russian Far 
East 
Russian Far East, 192-194 
antibodies, 193 
clinical picture, 192 
incubation period, 192 
control measures, 194 
epidemiology, 194 
vector, 194 
diagnosis, 193 
etiology, 193 
experimental infection and host range, 193 
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Encephalitis— (Continued) 
Russian Far East—(Continued) 
experimental infection—(Continued) 
white mice, 193 
history, 164, 192 
pathologic picture, 192-193 
serologic reactions, 88 
size of virus, 193 
treatment, 193-194 
Russian forest-spring. See Encephalitis, Russian 
Far East 
Russian spring or summer, See Encephalitis, Rus- 
sian Far East 
Russian spring-summer. See Encephalitis, Russian 
Far East 
Russian tick-borne. See Encephalitis, Russian Far 
East 
St. Louis, 170-175 
clinical picture, 170-171 
control measures, 175 
diagnosis, 173-174 
epidemiology, 174-175 
etiology, 172-173 
experimental infection and host range, 171-172 
mice, 171-172 
monkeys, rhesus, 171 
histopathologic picture, 171 
history, 164, 170 
immunologic phenomena, 173 
isolation and identification of virus, 174 
neutralizing antibody, 173 
pathologic picture, 171 
perivascular cuffing in engorged vessel of brain, 
168, 169 
serologic reactions, 88 
size of virus, 172 
treatment, 174 
vectors, 174-175 
spring-summer, history, 164 
summer. See Encephalitis, Japanese B 
tick-borne, history, 164 
type A. See von Economo’s disease 
Venezuelan equine, 188-190 
clinical picture, 188-189 
incubation period, 189 
control measures, 189-190 
diagnosis, 189 
epidemiology, 189 
etiology, 189 
experimental infection and host range, 189 
history, 164, 188 
possible vectors, 189 
treatment, 189 
western equine, 181-186 
antibodies, 184 
clinical picture, 181-182 
incubation period, 181 
diagnosis, 184 
epidemiology, 185 
etiology, 183-184 
experimental infection and host range, 182-183 
white mouse, 182-183 
history, 164, 181 
pathologic picture, 182 
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Encephalitis—(Continued ) 
western equine—(Continued) 
size of virus, 183 
treatment, 184-185 
vectors, 185 
Encephalitis, die Amerikanische, (beim Pferde). See 
Western equine encephalitis 
Encephalitis lethargica, See von Economo’s disease 
Encephalomyetlitis, acute demyelinating. See En- 
cephalitis, postinfection 
acute disseminated. See Encephalitis, postinfection 
definition, 163 
epizootic equine. See Encephalitis, western equine 
ovine, See Louping-ill 
Encephalomyocarditis, 198, 547-549 
clinical picture, 198, 547 
control measures, 549 
definition, 547 
diagnosis, 549 
epidemiology, 549 
etiology, 548-549 
experimental infection and host range, 547-548 
history, 164, 547 
pathologic picture, 547 
serologic reactions, 92 
size of virus, 198, 548 
treatment, 549 
Encephalo-myeloradiculitis. See Polyneuritis infec- 
tious 
Enzymatic analysis, of bacterial viruses, 151 
Enzymes, use of, in purification of viruses, 21 
Epidemics, attack rate, secondary, 142-144 
for diphtheria, poliomyelitis and scarlet fever, 
143 
biologic interpretation of, 128-129 
carriers, 130 
classes of, 130 
case-fatality rate, 130 
community susceptibility, 131 
contact rate, 131-132 
dates when first reported, 164 
duration, long, 136 
short, 133-136 
study of measles in Providence (1917-1940), 137 
explanation of 129 
exposure rate, 131-132 
host reaction, 129-130 
host-parasite relationships, 129 
stages of, 129 
incidence, 133 
infectious period, 130 
operation of chance, 132 
pathogenic potentialities, 130-131 
ratio between clinical and subclinical infections, 
130-131 
periodicity of measles, 137-138 
prevalence, endemic, 132 
progressive, 136 
scrub typhus, studies of, 136 
seasonal variation, 136 
studies of Q fever among Allied troops in Medi- 
terranean Area, 1944-45, studies of, 134- 
135, 134 
successful parasitism, 131 
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Epidemics— (Continued ) 
susceptibility status, 131 
theory of, 137-139 
contact rate, 138-139 
dynamic equation, 139 
statistical approach, 138 
threshold density, 138 
of typhus fever, 463-464 
Epidemic viral encephalitides of North America, 
neutralization test for diagnosis of, 68-70 
Epidemiology. See also specific diseases 
chemoprophylaxis, evaluation of, 144-145 
definition, 128 
experimental, 139-141 
general procedure, 139 
importance of nutrition of host, 139-140 
theory of fluctuating virulence, test of, 140 
variability in biologic potentialties of strains of 
infecting micro-organisms, 140 
extrahuman reservoirs, 141-142 
general discussion, 128-145 
immunization, evaluation of, 144-145 
preventive measures, evaluation of, 142 
Epiphytiology, definition, 128 
Epizootics among livestock, rabies, 239 
Epizootiology, definition, 128 
Equation, dynamic, in theory of epidemics, 139 
Einstein-Sutherland. See Einstein-Sutherland equa- 
tion 
Herzog-Perrin. See Herzog-Perrin equations 
Svedberg. See Svedberg equation 
Equine encephalomyelitis virus, 
graph, 47, 47 
purification of, 25 
Equine “malaria,” 542 
Eretmopodites chrysogaster as vector, of Rift Val- 
ley fever, 443-444 
of yellow fever, 427 
Erythrocytes, agglutination of, 78 
Esthiomene. See Lymphogranuloma venereum 
Europe, epidemiology of rabies, 235 
Exanthem criticum. See Exanthem subitum 
Exanthem subitum, 380-381 
clinical picture, 380 
definition, 380 
diagnosis, 381 
epidemiology, 381 
etiology, 380-381 
history, 380 
treatment, 381 
Exanthéeme infectieux épidémique. See Boutonneuse 
fever 
Exanthéme typhoide estival. See Boutonneuse fever 
Experiments, in epidemiology, 139-141 
one-step growth, in study of bacterial viruses, 
154-155 
tracer, in study of growth of bacterial Viruses, 155 
Exposure rate, in epidemics, 131-132 


electron micro- 


Facialis. See Herpes simplex 
Family, incidence of poliomyelitis, 263-264 
Fatality. See Death 


Feces, as transmitter of viral and rickettsial dis- 
eases, 13 
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Febre amarela. See Yellow fever 
Febrilis. See Herpes simplex 
Ferrets, experiments with influenza, 298-299 
influenza A virus, nasal histology, 297-298 
pulmonary lesions, 297-298 
Fever, aphthous. See Foot-and-mouth disease 
black. See Rocky Mountain spotted fever 
bouquet. See Dengue 
boutonneuse. See Boutonneuse fever 
break-bone. See Dengue 
Bull. See Rocky Mountain spotted fever 
camp. See Typhus fever 
catarrhal. See Influenza 
Colorado tick. See Colorado tick fever 
of Conor and Bruch. See Boutonneuse fever 
dandy. See Dengue 
eruptive. See Boutonneuse fever 
exanthematous. See Boutonneuse fever 
famine. See Typhus fever 
five-day. See Dengue 
Fort Bragg. See Pretibial fever 
giraffe. See Dengue 
glandular. See Mononucleosis, infectious 
hospital. See Typhus fever 
jail. See Typhus fever 
Marseilles. See Boutonneuse fever 
mountain. See Colorado tick fever and 
Mountain spotted fever 
American. See Colorado tick fever 
pappataci. See Phlebotomus fever 
parrot. See Psittacosis 
petechial. See Typhus fever 
phlebotomus. See Phlebotomus fever 
pretibial. See Pretibial fever 
Rift Valley. See Rift Valley fever 
river, Japanese. See Scrub typhus 
sandfly. See Phlebotomus fever 
seven-day. See Dengue 
shank. See Trench fever 
ship. See Typhus fever 
spotted. See Rocky Mountain spotted fever group, 
493-513 
Rocky Mountain. See Rocky Mountain spotted 
fever 
swamp, of horses, 542 
three-day. See Phlebotomus fever 
tick. See Colorado tick fever 
nonexanthematous. See Colorado tick fever 
tick-bite, South African. See South African tick- 
bite fever 
trench. See Trench fever 
typho-malaria. See Rocky Mountain spotted fever 
typhus, 462-488 
classic epidemic (louse-borne). See Typhus fever 
war. See Typhus fever 
Wolhynian. See Trench fever 
yellow. See Yellow fever 
Fick’s law, 33 
Fiebre amarilla. See Yellow fever 
Fiévre aphteuse. See Foot-and-mouth disease 
Fiévre boutonneuse. See Boutonneuse fever 
Fiévre escharonodulaire. See Boutonneuse fever 
Fiévre jaune. See Yellow fever 
Filterable-virus era, initiation of, 1 
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Filters, collodion, 30 
Filtration, in discovery of viruses, 18 
early experiments, 18 
particle size, relation to pore size, 31 
pore size, relation to particle size, 31 
Fixed virus, in experiments with rabies, 224-225 
Pasteur strain, for human vaccination for rabies, 225 
Flask, Carrel, for propagation of cultures, 117-118 
Fleas, rat (Nenopsylla cheopis), as vector of mu- 
rine typhus, 483, 484 
as vectors of viral and rickettsial diseases, 12-13 
Fleckfieber. See Typhus fever 
Flies, as vectors of poliomyelitis, 263 
Flocculation, 75-76 
in vaccinia, 75 
Food, as transmitter of viral and rickettsial dis- 
eases, 13 
Foot-and-mouth disease, 539-540 
of cattle, discovery of virus, 18 
clinical picture, 539 
control measures, 540 
definition, 539 
diagnosis, 540 
etiology, 539-540 
pathologic picture, 539 
serologic reactions, 92 
size of virus, 2, 539 
Fort Bragg fever. See Pretibial fever 
Fowl plague, agglutination of erythrocytes, 78 
Fractionation, chemical, 28-29 
by absorbents, 28-29 
by alcohol, acetone, lead acetate or specific 
antisera, 28 
by isoelectric precipitation, 28 
by precipitation, 28 
testing for homogeneity, 29 
physical, 29-30 
by centrifugation, 29 
by collodion filters, 29 
by electrophoresis, 29 
by ultrafiltration, 29 
of purified virus products, 28 
Frei test, for lymphogranuloma venereum, 352 
French neurotropic strain of yellow fever virus, for 
vaccination, 436 
Friction coefficient, 32-33, 33 
Fungi, as cause of disease, 1 


Gelbfieber. See Yellow fever 
Genetic analysis, of bacterial viruses, 156-158 
Genetic structure, of bacterial viruses, complexity 
of, 158 
Genetic variation, in bacterial viruses, 156-158 
Genetics, influence on viral diseases, 8 
Gingivostomatitis, herpetic, acute, 384-385, 3886 
infectious, acute. See Gingivostomatitis, herpetic, 
acute 
Gorgas, work with yellow fever, 435 
Granulomatous lymphomatosis. See Lymphogranu- 
loma venereum 
Grip. See Influenza 
Growth, of bacterial viruses, 154-155 vie 
competitive, in genetic analysis of bacterial viruses, 
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Guarnieri bodies, 5 
Guillain-Barré disease. See Polyneuritis, infectious 
Guinea pig(s) for experiments, in diagnosis of 
rabies, 230 
with choriomeningitis, lymphocytic, 195-196 
with diseases caused by virus of herpes simplex, 
387 
with keratoconjunctivitis, epidemic, 393 
with murine typhus, 484-485 
with pretibial fever, 414 
with psittacosis, 340 
with Rocky Mountain spotted fever, 497, 497 
with South African tick-bite fever, 508 
with typhus fever, 471-473 
with yellow fever, 426 


Haemagogus capricornii, as vector of yellow fever, 
427 
Haemagogus equinus, as vector of yellow fever, 427 
Haemagogus genus, as vectors of yellow fever, 427, 
434 
Haemagogus splendens, as vector of yellow fever, 427 
Haemagogus spegazzini, as vector of yellow fever, 
427, 434 
Haemaphysalis humerosa, as vector of Q fever, 535 
Haemaphysalis leporis-palustris, as vector of Rocky 
Mountain spotted fever, 502-503 
Hammon-Reeves virus. See California (Hammon- 
Reeves) virus 
Hamsters for experiments, with influenza, 300 
with Colorado tick fever, 417 
with diseases caused by virus of herpes simplex, 
387 
with pretibial fever, 414 
Health, relation to viral diseases, 8-9 
Hedgehog, European, for experiments with yellow 
fever, 426 
Heine-Medin disease. See Poliomyelitis 
Hemagglutination test, for influenza, 306 
for Newcastle disease, 541 
Hemaggultination-inhibition _ test for 
against influenza virus, 304 
Hemagglutinins, cold, general discussion, 82-84 
relation to atypical pneumonia, 83 
technic for demonstration of, 82-83 
titers of, 83 
of ectromelia, 81 
of influenza, 81 
of vaccinia, 81 
viral and rickettsial, general discussion, 77-82 
Hemagglutinin-inhibition test, for viral and rickettsial 
diseases, 89-91, 93 
Hemophilus influenzae, associated 
296-297 
Henzerling strain of Italian Q fever, 532 
Hepatitis, enzootic. See Rift Valley fever 
infectious, 269-277 
behavior of viruses, compared with serum hepa- 
titus, 280 
clinical picture, 270-271, 270 
death rate, 270-271 
icteric phase, 270-271 
incubation period, 270, 273, 280, 281 
preicteric phase, 270 


antibodies 


with influenza, 
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Hepatitis— (Continued) 
infectious—(Continued) 
clinical picture—(Continued) 
variant form in Denmark, 270 
control measures, 277 
definition, 269 
diagnosis, 274-275 
epidemiology, 275-277, 276, 277 
artificial spread, 276-277 
person-to-person contact, 276 
etiology, 273-274 
immunity, 273-274 
experimental infection and host range, 272, 273 
history, 269-270 
pathologic picture, 271-272, 272, 273 
treatment, 275 
infective. See Hepatitis, infectious 
postvaccinal. See Hepatitis, serum 
serum, 277-281 
behavior of viruses, compared with infectious 
hepatitis, 280 
clinical and pathologic picture, 279-281 
definition, 277 
incubation period, 279-281 
epidemiology, 278-279 
experimental infection, 279 
prevention and control, 281 
Herpes labialis. See Herpes simplex 
Herpes progenitalis, 383 
Herpes simplex, 383, 386 
caused by virus, 164 
diseases caused by virus of, 382-391 
clinical picture, 383 
common factors of, 382 
control measures, 390-391 
diagnosis, 389 
differential, 389 
epidemiology, 390 
etiology, 388-389 
size of virus, 388 
experimental infection and host range, 387-388 
history, 382-383 
pathologic picture, 386-387 
treatment, 389-390 
roentgenotherapy, 389 
serologic reactions, 91 
Herpes zoster, 395-399 
clinical picture, 395-396 
incubation period, 395-396 
control measures, 399 
definition, 395 
diagnosis, 398-399 
epidemiology, 399 
etiology, 397-398 
size of virus, 397 
history, 395 
pathologic picture, 396-397 
treatment, 399 
penicillin, 399 
sulfonamides, 399 
X-ray therapy, 399 
Herzog-Perrin equations, 33 
Hirst’s phenomenon, 77-78 
His-Werner disease. See Trench fever 
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H-mutations, of bacterial viruses, 156 
Hog louse, as vector of swineherd’s disease, 198 
Host, nutrition of, importance of, 139-140 
reaction of, in epidemics, 129-130 
relation to parasite, in epidemics, 129 
susceptibility of, in viral diseases, 8 
Host-specificity, of bacterial viruses, 151-152 
Hydrodynamics, for determination of shape and size 
of viruses, 32 
Hydrophobia. See Rabies 
origin of term, 217 
Hyperplasia, in virus-infected tissues, 7 


Identification of virus with purfied products, 28-30 
Immunity, active, definition of, 9-10 
how obtained, 10 
Colorado tick fever, 418 
general discussion of, 8-12 
to influenza, 310 
lymphogranuloma venereum, 350-351 
in mumps, 404 
natural, 8 
passive, 12 
poliomyelitis, 254-255 
psittacosis, 342-343 
relation to antibodies, humoral, 12 
to viruses, mechanisms of, 125-126 
Immunization, of dogs, for control of rabies, 241-242 
evaluation of, 144-145 
typhus fever, 481-482 
Immunochemical methods, use in purification of 
viruses, 21 
Immunology, general discussion of, 8-12 
Inactivated viruses and rickettsiae for immunity, 11 
Incidence. See also Epidemiology under specific dis- 
eases 
of diseases in epidemics, 133 
of mumps, 406 
phlebotomus fever, 460 
of psittacosis, 345 
trachoma, 359 
typhus fever, 479 
Inclusion bodies, 5-6. See also Elementary bodies 
cytoplasmic and intranuclear, in smallpox, 318 
in propagation of viruses and rickettsiae in tissue 
culture, 124 
in rabies, 220-221 
yellow fever, 424 
Inclusions, intranuclear, 5-6 
Incubation period, boutonneuse fever, 505 
von Economo’s disease, 167 
encephalitis, Japanese B, 176 
postinfection, 202 
Russian Far East, 192 
Venezualan equine, 189 
western equine, 181 
hepatitis, infectious, 270, 273, 280, 281 
serum, 279-281 
herpes zoster, 395-396 
influenza, 296 
louping-ill, 190 
molluscum contagiosum, 544 
mumps, 401 
pneumonia, primary atypical, 287 
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Incubation period—(Continued) 
poliomyelitis, 245 
pretibial fever, 413 
psittacosis, 338 
Q fever, 529 
rabies, 215-216 
Rift Valley fever, 441 
scrub typhus, 516 
typhus fever, 464 
varicella, 396 
yellow fever, 422 
Infection rate, in epidemics, 133 


Infection test, for diagnosis of Rocky Mountain 


spotted fever, 499 
Infectious period, in epidemics, 130 
Inflammation, in rabies, at site of exposure, 216 
in viral diseases, 6 
Influenza, 295-301 


A virus, 295 
agglutination of erythrocytes, 78 
as cause of influenza, 301-302 
in chick embryo, lesions, 298 
common properties with influenza B virus, 302 
in ferrets, pulmonary lesions, 298 
nasal histology, 297-298 
in mice, lesions, 298 
serologic reactions, 90 
antigens, soluble, 87 
antitoxins, 85 
B virus, 295 
agglutination of erythrocytes, 78 
as cause of influenza, 301-302 
common properties with influenza A virus, 302 
serologic reactions, 90 
with 8 hemolytic streptococci, 296-297 
clinical picture, 296-297 
incubation period, 296 
control] measures, 310-311 
vaccination, 310-311 
definition, 295 
diagnosis, 308-309 
by agglutination of red cells, 78-79 
differential, 309 
test of U. S. Army, 79-80 
epidemic. See Influenza 
epidemiology, 309-310 
cyclic occurrence, 309-310 
immunity, 310 
incidence, 310 
etiology, 301-308 
A virus, 301-302 
A and B viruses recoverable, 305-306 
agglutination of red blood cells caused by viruses, 
303-304 
B virus, 301-302 
biologic properties of viruses, 302 
maximum stability, 303 
chemical constituents of virus particle, 302-303 
complement-fixation technic, for measurement 
of antibody levels against virus, 308 
development of antibodies following attack, 306 
frequency of infection, 306-307 
hemagglutination-inhibition test for antibodies 
against the virus, 304 
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etiology— (Continued ) 
increased antibody level in serum of patients, 
306 
interference between strains of viruses, 304-305 
serologic tests, affected by type and strain of 
virus, 307 
importance of quantitative factors, 307-308 
size and shape of viruses, 302 
tests for measuring antibody levels, 306 
toxic reactions from A and B virus strains, in 
experimental animals, 305 
experimental infection and host range, 298-301 
ferrets, 298-299 
hamsters, 300 
mice, 299-300 
health factor, 8 
hemagglutinins of, 81 
with Hemophilus influenzae, 296-297 
history, 295-296 
pandemic of 1918-1919, 296-297 
pathologic picture, 297-298 
lung changes, 297 
with pneumococci, 296-297 
with staphylococci, 296-297 
with Staphylococcus aureus, 297 
swine, agglutination of erythrocytes, 78 
serologic reactions, 90 
toxic manifestations in animals, 85 
treatment, 309 
vaccine, commercial production of, 27 
electron micrograph, 47, 49 
virus, density of, 2 
calculation of size, 40 
fractionation of, 29 
hydration of, 41 
Lee strain, Frontispiece 
purification of, 25, 27 
sedimentation constant, 38-39, 38 
shape and size of, 2, 39 
size determined by light scattering, 51 
Inhibitors, specific, to growth of bacterial viruses, 
155 
Inoculation, relation to viral diseases, 9 
Inoculum, size of, as influence in multiplication of 
viruses or rickettsiae in tissue culture, 123 
Insecticides, for scrub typhus, 526-527 
Interference between strains of influenza viruses, 
304-305 
Interference phenomenon, 9 
in genetic analysis, of bacterial viruses, 158 
in growth of bacterial viruses, 155-156 
Intravenous therapy, for Rocky Mountain spotted 
fever, 500 
Irradiation, to determine size of viruses, 48-51 
Isolation of viruses, 2-3 
by chemical technics, 19 
dates when first reported, 164 
Isoelectric point of a virus or a protein, 53 
Isotopes, use in research work on viruses, 59 
Ixodes holocyclus, as vector of Q fever, 535 
Ixodes persulcatus, as vector of Russian Far East 
encephalitis, 194 
Ixodes ricinus, as vector of louping-ill, 192 
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Japanese encephalitis. See Encephalitis, Japanese B 
purification of virus, 25, 27-28 
Jaundice. See Hepatitis, serum 
epidemic. See Hepatitis, infectious 
homologous serum. See Hepatitis, serum 
inoculation. See Hepatitis, serum 
late arsphenamine. See Hepatitis, serum 
transfusion. See Hepatitis, serum 
of silk worms virus, purification of, 25 
Juliusberg’s pustulosis vacciniformis 
Eczema herpeticum 


acute. See 


Kaffir-pox. See Smallpox 
Kaposi’s varicelliform eruption. See Eczema herpeti- 
cum 
Keratitis, maculosa. See Keratoconjunctivities, epi- 
demic 
nummularis. See Keratoconjunctivities, epidemic 
punctuate, superficial. See Keratoconjunctivitis, epi- 
demic 
Keratoconjunctivitis, 385-386 
epidemic, 392-394 
clinical picture, 392 
control measures, 394 
diagnosis, 393 
epidemiology, 394 
etiology, 393 
size of virus, 393 
experimental infection and host range, 393 
history, 392 
pathologic picture, 392-393 
serologic reactions, 91 
treatment, 393-394 
Kinderlihmung. See Poliomyelitis 


La grippe. See Influenza 
Landry’s paralysis. See Polyneutritis, infectious 
Lansing poliomyelitis virus, 254 
purification of, 25 
Law, Fick’s. See Fick’s law 
Stokes’. See Stokes’ law 
Lee strain, of influenza virus, purification of, 27 
of influenza B virus, amino-acid analysis, 57 
Leukoencephalitis, acute epidemic, See Meningoen- 
cephalitis, acute primary hemorrhagic 
definition, 163 
Lice, body, as vectors of trench fever, 544 
Light scattering, to determine size of viruses, 51 
Li and Rivers’ medium (Tyrode’s solution), in culti- 
vation of influenza viruses, 301 
Li-Rivers tissue culture, for psittacosis virus, 342 
Louping-ill, 190-192 
clinical picture, 190 
incubation period, 190 
control measures, 192 
diagnosis, 191-192 
epidemiology, 192 
vector, 192 
etiology, 191 
experimenal infection and host range, 190-191 
mice, 191 
history, 164, 190 
pathologic picture, 190 
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Louping-ill— (Continued) 
serologic reactions, 88 
size of virus, 191 
LS antigen, 86 
in elementary bodies, of virus of vaccinia, 330-331, 
330 
Lymphocytic choriomeningitis, 194-197 
antibodies, 196 
clinical picture, 195 
control measures, 197 
diagnosis, 196 
epidemiology, 196-197 
vector, 196-197 
etiology, 196 
size of virus, 196 
experimental infection and host range, 195-196 
albino mouse, 195-196 
guinea pig, 195-196 
monkey, 168, 169 
history, 164, 194-195 
pathologic picture, 195 
serologic reactions, 88 
treatment, 196 
Lymphoblastosis, benign, acute. See Mononucleosis, 
infectious 
Lymphogranuloma inguinale. See Lynphogranu- 
loma venereum 
Lymphogranuloma venereum, 346-353 
caused by virus, 164 
clinical picture, 347-348 
control measures, 353 
definition, 346 
diagnosis, 351-352 
differential, 351 
Frei test, 352 
neutralization and toxin tests, 351-352 
epidemiology, 353 
etiology, 349-351 
cultivation of virus in tissue cultures, 350 
immunity, 350-351 
experimental infection and host range, 349 
history, 346-347 
neutralizing antibodies, 351 
pathologic picture, 348-349 
relation to venereal disease, 346-347 
size of virus, 2, 350 
treatment, 353 
penicillin, 353 
sulfathiazole, 353 
sulfomamides, 353 
Lymphogranuloma-psittacosis, antitoxins, 85 
toxic manifestations in animals, 85 
Lysogenesis, in virus-bacterium relationshps, 153 
Lyssa. See Rabies 
Lysis, of bacterial viruses, 160-161 
hypothesis for mechanism, 160-161 
of cells, induced by viruses, 7 


Maitland tissue culture, for lymphogranuloma ve- 
nereum virus, 350 


for propagation of viruses and rickettsiae, 119-120 
for psittacosis virus, 342 
for yellow fever Virus, 428 
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Maladie d’Armstrong. See Choriomeningitis, 
phocytic 
Maladie de Bouchet. See Swincherd’s disease 
Maladie de Nicolas et Favre. See Lymphogranuloma 
venereum 
Maladie des jeunes porchers. See Swineherd’s dis- 
ease 
Maladie des porchers. See Swineherd’s disease 
Mansonia africana, as vector of yellow fever, 427 
Mansonia titillans, as possible vector of Venezuelan 
equine encephalitis, 189 
Masern. See Measles 
Maul-und Klauenseuche. 
ease 
Measles, 370-374 
caused by virus, 164 
clinical picture, 371 
complications, 371 
control measures, 374 
diagnosis, 373 
duration of, study in Providence (1917-1940), 137 
epidemics, periodicity of, 137-138 
epidemiologic behavior, 138, 138 
epidemiology, 374 
relation to poliomyelitis, 262 
etiology, 372-373 
propagation of virus in chick-embryo tissue in 
Tyrode’s solution, 372-373 
experimental infection and host range, 372 
German. See Rubella 
health factor, 8 
history, 370 
pathologic picture, 371 
treatment, 373-374 
plasma globulin concentrates, 373-374 
serum antibodies, 373 
Medium for propagation of viruses and rickettsiae, 
Li-Rivers, 301, 342 
Maitland, 119-120, 342, 350, 428 
Plotz’, 120 ‘ 
Rivers’, 120, 301, 342 
Meningoencephalitis, acute hemorrhagic history, 164 
acute primary hemorrhagic, 201-202 
clinical picture, 201-202 
history, 201 
pathologic picture, 202 
herpetic, 386 
Metabolism, relation to bacterial growth and growth 
of virus, studied by one-step growth ex- 
periment, 154-155 
Metal-shadowing technic, use 
graphs, 45, 46 
Metaphen, for Rocky Mountain spotted fever, 500 
Mexico, epidemiology of rabies, 238-239 
Microscope, electron. See Electron microscope 
Microscopic examination, in pneumonia, primary 
atypical, 289 
Micrographs, electron, of viruses, 43 
Milk-pox. See Smallpox 
Mite(s), (Rickettsia akari), as etiologic agent of 
rickettsialpox, 510 
as vectors of viral and rickettsial diseases, 12-13 
Miyagawa method, in tissue cultures, for lympho- 
granuloma venereum virus, 350 


lym- 


See Foot-and-mouth dis- 


in electron micro- 
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Molluscum contagiosum, 544-545 
clinical picture, 544 
pathologic picture, 544 
size of elementary bodies, 545 
Monkeys for experiments, with inclusion conjunc- 
tivitis, 365 
with lymphogranuloma venereum, 349 
with measles, 372 
with mononucleosis, infectious, 410 
with mumps, 403 
with Rift Valley fever, 442 
with Rocky Mountain spotted fever, 497 
with trachoma, 359 
with varicella and herpes zoster, 397 
with yellow fever, 426, 431 
Monkeys, rhesus, for experiments, with encephalitis, 
Japanese B, 177-178 
with encephalitis, St. Louis, 171 
with psittacosis, 340 
with rubella, 377-378 
with yellow fever, 424-425, 424 
Monkey, as reservoir of deugue, 446 
Mononucleosis, acute. See Mononucleosis, infectious 
infectious, 409-411 
clinical picture, 409-410 
diagnosis, 411 
epidemiology, 411 
etiology, 410 
experimental infection and host range, 410 
history, 409 
pathologic picture, 410 
probably caused by virus, 164 
treatment, 411 
Morbidity rate, in epidemics, 133 
Morbilli. See Measles 
Morbus hungaricus. See Typhus fever 
Morphology, of bacterial viruses, 148-149 
groups of viruses, 150 
Mortality. See Death 
Mosaic-diseased Turkish tobacco plants, crystals, 24 
Mosquitoes, as vectors of viral and rickettsial dis- 
eases, 12-13 
Mouse (mice), for experiments, with Colorado tick 
fever, 417 
with dengue, 449 
with diseases caused by virus of herpes simplex, 
387 
with encephalitis, St. Louis, 171-172 
with influenza, 299-300 
with keratoconjunctivitis, epidemic, 393 
with louping-ill, 191 
with lymphogranuloma venereum, 347, 349 
with pretibial fever, 414 
with psittacosis, 339-340 
with Rift Valley fever, 442 
with yellow fever, 425-426, 429 
influenza A virus, lesions, 298 
white, for experiments, with 
lymphocytic, 195-196 
in diagnosis of rabies, 230 
with encephalitis, Japanese B, 177 
Russian Far East, 193 
western equine, 182-183 
with murine typhus, 485 


choriomeningitis, 
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Mouse (mice)—(Continued) 
white—(Continued) 
for experiments—(Continued) 
with scrub typhus, 518-519 
with typhus fever, 473-474 
with yellow fever, 421-422 
Multiplication of elementary bodies in tissue cul- 
ture, 124 
factors influencing, 121-124 
binlogic activity of tissue, 122-123 
effect of temperature, 123 
quantity of tissue, 123 
site, 123-124 
size of inoculum, 123 
source and type of cells, 121-122 
methods of determining, 120-121 
Mumps, 401-407 
agglutination of erythrocytes, 78 
agglutination reactions, 81 
caused by virus, 164 
clinical picture, 401-403 
incubation period, 401 
organs involved, 402 
control measures, 406-407 
definition, 401 
diagnosis, 404-405 
differential, 404-405 
serologic tests, 405 
epidemiology, 406 
incidence, 406 
etiology, 403-404 
agglutination of red cells, 404 
complement-fixation test, 404 
immunity, 404 
experimental infection and host range, 403 
history, 401 
pathologic picture, 403 
serologic reactions, 91 
treatment, 405-406 
Murine typhus, 483-487 
clinical picture, 483-484 
control measures, 487 
American Public Health Association, 487 
DDT, 487 
definition, 483 
diagnosis, 485-486 
epidemiology, 486-487 
statistics for United States, 486 
etiology, 485 
Rickettsia mooseri as agent, 483, 485 
experimental infection and host range, 484-485 
history, 483 
pathologic picture, 484 
serologic reactions, 92 
soluble antigens of, 87 
treatment, 486 
use of agglutination in diagnosis Ors 7 
vector, rat flea (Xenopsylla cheo pis ), 483 
Mus musculus, as vector of lymphocytic choriomen- 
ingitis, 196-197 
Mutants, r (rapidly lysing), of bacterial viruses, 157 
w (weak inhibitor), of bacterial viruses, 157 
Mutations, affecting co-factor requirements of bac- 
terial viruses, 157 
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Mutations—(Continued) 
affecting type of plaque of bacterial viruses, 157 
bacterial, of bacterial viruses, 151-152 
of viruses, 4 
Myelinoclasis, acute perivascular. See Encephalitis, 
postinfection 
acute primary. See Encephalitis, postinfection 


Nasopharyngitis, acute. See Influenza 
Nature of viruses and rickettsiae, 1-5 
Necrobiosis, of cells, induced by viruses, 7 
Necrosis, induced by viruses, 7 
Negri bodies, 5 
formation of, in inoculated animals for diagno- 
sis of rabies, 230-231 
microscopic and mouse-inoculation studies of dog 
brains, 231 
in rabies, 220-221, 220 
Neostigmine, for relief of acute muscle spasm and 
pain in poliomyelitis, 257 
Nervous system, lesions, in poliomyelitis, 248, 249, 
250-251, 250 
Neurath, diffusion cell, 34, 34 
Neuronitis, infectious. See Polyneuritis, infectious 
Neuronphagia, in von Economo’s disease, 168, 169 
Neurotropes, ectodermic, 163 
Neurotropic viruses, as cause of encephalitides, 163 
Neurotropic Virus Disease Commission, 68 
technic for neutralization test, 68-70 
Neurotropism, 163 
Neutralization, of bacterial viruses by antiserum, 159 
general discussion, 67-72 
tests, 67-68, 71 
conditions for, 67-68 
for diagnosis of epidemic viral encephalitides of 
North America, 68-70 
for lymphogranuloma, 351-352 
for rabies, 227 
serum, for influenza, 306 
for typhus fever, 478 
for vaccinia, 70-71 
for viral and rickettsial diseases, 88-93 
of viruses, 11-12 
by antisera, 71-72 
Neutralizing antibodies, in scrub typhus, develop- 
ment of, 521 
Neurotropic viruses, 68, 72 
Newcastle disease, 540-542 
agglutination of erythrocytes, 78 
clinical picture, 540 
definition, 540 
diagnosis, 541 
etiology, 541 
experimental infection and host range, 540 
history, 540 
purification of virus, 25 
size of virus, 541 
North America, epidemiology of rabies, 236-238 
North Queensland tick typhus, 511-512 
clinical picture, 511 
diagnosis, Weil-Felix test, 511-512 
serologic reactions, 93 
NP antigen, 86 
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NP antigen—(Continued) 
in elementary bodies, of virus of vaccinia, 331 
Nucleic acid, in viruses, 54 
Nursing care, importance of, in poliomyelitis, 259 
in typhus fever, 478 


Opossum for experiments, with Colorado tick fever, 

417 
with yellow fever, 434 

Opsonic test, for typhus fever, 478 

Optical methods, use in sedimentation, 36,37 

Origin of viruses, 4-5 

Ornithosis. See Psittacosis 

Osmotic pressure, as influenced by size of viruses, 51 

Ovine encephalomyelitis. See Louping-ill 

Oximeter of Millikan and Smaller, for treatment of 
bulbar poliomyelitis, 259 


Papageienkrankheit. See Psittacosis 
Para-aminobenzoic acid, for Rocky Mountain spotted 
fever, 495, 500 
for scrub typhus, 517, 522, 523-525 
for typhus fever, 479 
use in viral and rickettsial diseases, 15 
Parakeets, for experiments with psittacosis, 340 
Paralysis, infantile. See Poliomyelitis 
Landry’s. See Polyneuritis, infectious 
in poliomyelitis, 246 
in rabies, 217-218 
respiratory, in poliomyelitis, 258 
of skeletal muscles, in poliomyelitis, 251 
Parasite, relation to host, in epidemics, 129 
Parasitism, 3 
successful, in epidemics, 131 
Paratrachoma,. See Conjunctivitis, inclusion 
Parotitis, epidemic. See Mumps 
Paschen bodies, 5 
Pasteur strain of fixed virus for human vaccination 
for rabies, 225 
Pasteur, work on rabies, 214-215 
Pathogenicity, epidemiologic, 130-131 
of viruses, changes in, during propagation in 
tissue culture, 125 
Pathologic picture caused by viruses, 5-7. See also 
individual diseases 
Pediculus humanus capitis, as vector of typhus fever, 
470 
Pediculus humanus, var. corporis, as vector, of trench 
fever, 544 
of typhus fever, 470 
Penicillin, for conjunctivitis, inclusion, 367 
for herpes zoster, 399 
for lymphogranuloma venereum, 353 
for poliomyelitis, 259 es 
for prevention of bacterial contamination in tissue 
culture, 115 
for Rocky Mountain spotted fever, 500 
for scrub typhus, 523 
for trachoma, 363 
for typhus fever, 478 
use in viral and rickettsial diseases, 15 
for varicella, 399 
Pentose nucleic acid, in viruses, 54 
Peste loca. See Encephalitis, Venezuelan equine 


Petite vérole. See Smallpox 
Phlebotomus fever, 454-461 
clinical picture, 455-456, 455 
control measures, 460-461 
DDT, 460-461 
definition, 454 
diagnosis, 458-459 
epidemiology, 459-460 
etiology, 457-458 
size of virus, 457 
experimental infection and host range, 456-457 
history, 454-455 
incidence, 460 
pathologic picture, 456 
treatment, 459 
vector, Phlebotomus papatasi, 454, 458-460 
Phlebotomus papatasi as vector of phlebotomus fever, 
454, 458-460 
pH stability, determination of, in purification of 
viruses, 19, 21 
globulin concentrates, for 
measles, 373-374 
for propagation of viruses, and rickettsiae in tis- 
sue cultures, 115-116 
Plotz’ medium, for propagation of viruses and rick- 
ettsiae, 120 
Pneumococci, associated with influenza, 296-297 
Pneumonia, atypical. See Pneumonia, primary atypi- 
cal 
primary atypical, 287-293 
clinical picture, 287-289 
cold-hemagglutination test, 288 
complications, 289 
fever, 288-289 
incubation period, 287 
roentgenograms, 288 
control measures, 293 
definition, 287 
diagnosis, 292 
cold-hemagglutination test, 82, 292 
roentgenograms, 292 
streptococcus MG agglutination test, 292 
epidemiology, 292-293 
etiology, 290-292 
experiments with streptococcus MG, 291-292 
experimental transmission, to human volun- 
teers, 291 
to laboratory animals, 290-291 
experimental infection and host range, 289-290 
history, 287 
pathologic picture, 289 
microscopic examination, 289 
relation to cold hemagglutinin, 83 
serologic reactions, 91 
treatment, 292 
virus. See Pneumonia, primary atypical 
of mice, size of, 3 
agglutination of erythrocytes, 78 
Pneumonitis, acute. See Pneumonia, primary atypical 
interstitial, acute. See Pneumonia, primary atypi- 
cal 
virus, feline, 337 
human, San Francisco, 337 
Illinois, 337 


Plasma, treatment of 
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Pneumonitis— (Continued) 
virus— (Continued ) 
Louisiana, 337 
mouse, Australian, 337 
spontaneous, 337 
Pneumonoencephalitis, avian. See Newcastle disease 
Polioencephalitis, definition, 163 
Polioencephalomyelitis, Australian, acute. See Aus- 
tralian X disease 
Poliomyélite. See Poliomyelitis 
Poliomyelitis, 245-265 
acute anterior. See Poliomyelitis 
attack rate, secondary, 143 
bulbar, 252 
treatment, 258 
by oximeter, of Millikan and Smaller, 259 
clinical picture, 245-247 
appearance of paralysis, 246 
final phase, 246-247 
first phase, 246 
incubation period, 245 
severity, 247 
control measures, 264-265 
death rates, 257-258 
definition, 163, 245 
diagnosis, 255-256 
epidemiology, 260-264 
flies as vectors, 263 
human contact, 261 
incidence age, 260, 260, 261, 262 
in family, 263-264 
seasonal, 262 
in temperate zones, 260-261 
man as source of virus, 263 
relation to measles, 262 
etiology 253-255 
immunity, 254-255 
Lansing type of virus, 254 
physical characteristics of virus, 253-254 
size of virus, 253 
experimental infection and host range, 253 
history, 164, 245 
pathologic picture, 248-252 
bulbar poliomyelitis, 252 
genesis of spasticity, 251-252 
lesions in nervous system, 248, 249, 250-251, 
250 
localization of virus, 248 
muscle tenderness, 252 
paralysis of skeletal muscles, 251 
pregnancy, 251 
recovery in relation to age, 257-258 
respiratory paralysis, 258 
treatment, 256-260 
drug therapy, 259 
immune serum, 256-257 
importance of nursing care, 259 
maintenance of patient’s morale, 259-260 
penicillin, 259 
relief of acute muscle spasm and pain, 257 
by hot packs, 257 
by neostigmine, 257 
sulfonamides, 259 
tracheotomy, 258-259 
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Polyneuritis, acute, with facial diplegia. See Poly- 
neuritis, infectious 
infectious, 205-206 
clinical picture, 205-206 
Poradenitis. See Lymphogranuloma venereum 
Postmeasles encephalitis. See Encephalitis, postinfec- 
tion 
Postvaccinal encephalitis. See 
infection 
Potato latent mosaic virus, purification of, 25 
Potato yellow dwarf virus, purification of, 25 
PR8 strain of influenza A virus, amino-acid analy- 
sis, 57 
isoelectric point, 53 
purification of, 27 
Precipitation, 75-77 
isoelectric, use in purification of viruses, 21 
test, for identification of viruses, 11 
for viral and rickettsial diseases, 90 
value in diagnosis of human disease, 77 
Precipitin test, for typhus fever, 478 
for viral and rickettsial diseases, 88-92 
Pregnancy, influence of poliomyelitis, 251 
Pretibial fever, 413-415 
clinical picture, 413-414 
incubation period, 413 
diagnosis, 415 
epidemiology, 415 
etiology, 414-415 
experimental infection and host range, 414-415 
history, 413 
pathologic picture, 414 
treatment, 415 
Prevalence, endemic, 132 
Prevention, of epidemics, measures for, evaluation, 
142 
of viral and rickettsial diseases, 13-16 
Proliferation, in virus-infected tissues, 6-7 
Propagation of viruses and rickettsiae in tissue cul- 
tures, 114-126 
changes in pathogenicity of viruses, 125 
early investigations, 114 
elementary bodies, 124 
exclusion of bacterial contamination, 115 
inclusion bodies, 124 
mechanisms of immunity to viruses, 125-126 
methods, 114-116 
Carrel-flask cultures, 117-118 
hanging-drop cultures, 116-117 
Maitland medium, 119-120 
plasma-drop cultures, 116-117 
preparation of, 117 
Plotz’ medium, 120 
Rivers’ medium, 120 
roller-tube cultures, 118-119 
preparation of, 118-119 
suspended-cell technic, Li-Rivers, 116-117 
use of substrates, fluid, 119-120 
solid or semi-solid, 116-119 
Zinsser’s agar-slant cultures, 119 
use of embryonic extracts, 116 
use of plasma, 115-116 
use of salt solutions, 116 
Simms’, 116 


Encephalitis, post- 
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Propagation of viruses, etc —-(Continued) 
use of salt solutions—(Continued) 
Tyrode’s, 116 
use of serum, 116 
Protection tests, antibodies in vellow fever, 429-430 
Protein molecules, electron micrograph, 47 
Proteus OX-19, agglutination of. See Weil-Felix test 
Protozoa, as cause of disease, 1 
Pseudo-lymphocytic choriomeningitis, serologic reac- 
tions, 88 
Pseudoplague, avian. See Newcastle disease 
Pseudo-rubella. See Exanthem subitum 
Psittacose. See Psittacosis 
Psittacosis, 338-346 
clinical picture, 338-339 
incubation period, 338 
diagnosis, 344-345 
differential, 344 
epidemiology, 344-345 
control measures, 345-346 
fatality rate, 345 
incidence, 345 
seasons, 345 
transmission of virus from birds to man, 345 
etiology, 341-343 
immunity, 342-343 
size of virus, 342 
virus grown in tissue cultures, 342 
experimental infection and host range, 339-341 
birds, 340 
guinea pigs, 340 
mice, 339-340 
parakeets, 340 
rabbits, 340 
history, 338 
pathologic picture, 339 
serologic reactions, 89 
treatment, 344-345 
Psittacosis-lymphogranuloma group, general discus- 
sion, 337-353 
serologic reactions, 90 
size of virus, 337 
soluble antigens in, 86 
Purification of viruses, 2, 4, 19-28 
chemical methods, 19-22 
adsorption, separation and elution, 21 
determination of pH stability, 19 
following virus activity, 19 
precipitation, 21 
selection of starting material, 19, 21 
treatment with salts, 19, 21 
use of enzymes, 21 
immunochemical methods, 21 
physical methods, 22-28 
Purified virus preparations, chemical analysis, 54-58 
chemical modifications, 58-59 
PVM. See Pneumonia virus of mice 


Q fever, 529-537 
agglutination test, 533, 535 
American, Dyer “X” strain, 532 
clinical picture, 529-531, 530 
incubation period, 529 
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complement-fixation test, 533-535 

control measures, 537 

definition, 529 

diagnosis, 534-535 
isolation of etiologic agent, 534-535 

epidemiology, 535-536 
in Mediterranean area among Allied troops 

(1944-45), 134-135, 134, 536, 536 

etiology, 533-534 
Rickettsia burneti as agent, 529, 533-534 
size of rickettsiae, 533 

experimental infection and host range, 532 

history, 529 

Italian, Henzerling strain, 532 

pathologic picture, 531-532, 531, 532 
mortality, 531 

serologic tests, 93, 535 

treatment, 535 

vectors, 535-536 

Quarantine, of dogs, for control of rabies, 241-242 


Rabbia. See Rabies 
Rabbit(s), for experiments, with Rocky Mountain 
spotted fever, 497 
in diagnosis of rabies, 230 
with diseases caused by virus of herpes simplex, 387 
with keratoconjunctivitis, epidemic, 393 
with psittacosis, 340 
with pretibial fever, 414 
with smallpox, 319 
Rabbit-papilloma virus, isoelectric point, 53 
purification of, 25 
Rabia. See Rabies 
Rabies, 213-242 
clinical picture, 215-219 
act of swallowing, 217 
convulsive seizures, 217 
death, 217-219 
excitation phase, 217-218 
incubation period, 215-216 
inflammation at site of exposure, 216 
onset of disease, 216-217 
paralytic phase, 217-218 
referred pain, 216 
control measures, 240-242 
co-ordination of, 240 
Government agencies, 241 
immunization of dogs by vaccine, 241 
quarantine of dogs, 241-242 
definition, 213 
diagnosis, 228-230 
by animal inoculation, 229-231 
dogs, 231 
formation of Negri bodies, 230-231 
mice, white, 230 
rabbits and guinea pigs, 230 
diagnosis, differential, 218-219, 229 
laboratory, at necropsy, 228-229 
Sellers’ method, 228-229 
microscopic, introduced by Negri, 215 
and mouse-inoculation studies of dog brains, 
231 
epidemiology, 235-240 
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Rabies—( Continued) 
epidemiology—( Continued) 
Africa, 236 
Asia, 235-236 
bites of rabid animals, 240 
Canada, 238 
Central America, 238 
climate and seasons, 239 
epizootics among livestock, 239 
Europe, 235 
man-to-man infection, 239-240 
Mexico, 238, 239 
North America, 236-238 
South America, 238, 239 
Trinidad, 238-239 
types, 235 
United States, 236-238 
reported cases (1938-1945), 237 
etiology, 225-228 
concentration and purification of virus, 226 
cultivation of virus, 227 
destruction of virus, 227 
neutralization and complement-fixation 
227 
resistance of virus to physical and chemical 
agents, 226 
size of virus, 225-226 
vaccine, immunizing potency of, 228 
experimental infection and host range, 222-225 
ability of virus to invade salivary glands, 224 
dogs, 220, 222-223 
apparent recovery, 223 
clinical picture, 222-223 
death, 223 
fixed virus, 224-225 
Pasteur strain, 225 
method of infection, 222 
transmission, 223-224 
history, 164, 213-215 
experimental studies, 214 
incidence, 213-214 
work of Pasteur and associates, 214 
pathologic picture, 219-222 
absence of gross abnormalities, 219 
histologic examination, 220 
inclusion bodies, 220-221 
Negri bodies, 220-221, 220 
serologic reactions, 88 
treatment, 231-235 
local, of wounds, 231-232 
sedatives, 231 
vaccine, initiated by Pasteur, 215 
vaccines following exposure, 231-235 
preparation of, 232-234 
reactions, 234-235 
Semple vaccine, 233-234 
ultraviolet irradiation, 234 
Radiation, as means of inactivating elementary bod- 
ies of vaccinia, 333 
Radiation-sensitive volumes, 51 
Radiologic analysis, of bacterial viruses, 158-159 
Rage. See Rabies 
Raiva. See Rabies 


tests, 
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Rat(s), cotton, for experiments, with Colorado tick 


fever, 417 


with scrub typhus, 519-520 
for experiments, with diseases, caused by virus of 


herpes simplex, 387 


with psittacosis, 340 oe 
white, for experiments, with keratoconjunctivitis, 


epidemic, 393 


with murine typhus, 485 
Rate, attack, in epidemics, 133 
case-fatality, in epidemics, 130 
contact, in epidemics, 131-132 
in theory of epidemics, 138-139 
death, in epidemics, 132 
exposure, in epidemics, 131-132 
incidence, in epidemics, 133 
infection, in epidemics, 133 
morbidity, in epidemics, 133 
sedimentation. See Rate, sedimentation 
Reaction kinetics, present-day theories, 60 


“Reactivation” 


phenomenon, in Rocky Mountain 
spotted fever, 503-504 


Reed, Walter, and American Army Commission, ex- 


periments with yellow fever, 428 


work of, with yellow fever, 421 
Refraction, double, general discussion, 32-42 
Reproduction of viruses, 3 
Rhinitis, acute. See Cold, common 
Rhipicephalus sanguineus, as vector of boutonneuse 


Rickettsia 
Rickettsia 
Rickettsia 
Rickettsia 
Rickettsia 


Rickettsia 
Rickettsia 


Rickettsia 
Rickettsia 


Rickettsia 


fever, 505-506 

akari, as etiologic agent in Rickettsialpox, 
510 

brasiliensis, as etiologic agent of Rocky 
Mountain spotted fever, 493 

burneti as etiologic agent of Q fever, 
529, 533-534 

mooseri, as etiologic agent of murine 
typhus, 483, 485 

orientalis as etiologic agent of scrub ty- 
phus, 516, 520 

orientalis, soluble antigens, 87 

prowazeki as vector of typhus fever, 470, 
471, 474-476, 480-481 

rickettsi, as etiologic agent of Rocky 
Mountain spotted fever, 493 
tsutsugamushi as etiologic agent of scrub 
typhus, 516, 520-523, 520, 524 

typhi, as etiologic agent of Rocky Moun- 
tain spotted fever, 493 


Rickettsiae, antitoxins, 85 

discovery of, 1 

toxic manifestations in animals, 85 
Rickettsial diseases of man, Classification, 462 

general discussion of, 1-16 

serologic reactions, 67-93 
Rickettsialpox, 509-511 

clinical picture, 509-510 

control measures, 511 

definition, 509 

diagnosis, 511 

epidemiology, 511 

etiology, 510-511 


Allodermanyssus Sanguineus Hirst 


as vector, 510- 
$11 
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Rickettsialpox— (Continued) 
etiology— (Continued) 
Rickettsia akari as agent, 510 
experimental infection and host range, 510 
history, 509 
pathologic picture, 510 
serologic reactions, 93 
soluble antigens, 87 
treatment, 511 
Rift Valley fever, 441-444 
clinical picture, 441-442 
definition, 441 
diagnosis, 443 
epidemiology, 443-444 
etiology, 443 
size of virus, 443 
experimental infection and host range, 442-443 
history, 441 
pathologic picture, 442 
serologic reactions, 91 
treatment, 443 
vector, Eretmopodites chrysogaster mosquito, 443- 
444 
Rivers’ experiments with immune sera, 14 
Rivers’ laboratory, work on vaccinia, 3 
Rivers’ medium, for propagation of viruses and rick- 
ettsiae, 120 
Rivers and Ward, experiments with vaccinia virus. 
125 
medium, 
virus, 125 
Rocky Mountain spotted fever, 493-505 
clinical picture, 494-495, 494, 495 
control measures, 504-505 
personal care, 504 
vaccination, 504-505 
cultivation of virus in chick embryo, 498, 498 
definition, 493 
diagnosis, 499-500 
complement-fixation test, 499-500 
infection test, 499 
protection or virus-neutralization test, 499 
Weil-Felix test, 499 
epidemiology, 501-504 
incidence, 501 
virulence, 501 
etiology, 497-499 
Dermacentroxenus rickettsi as agent, 493-494, 
497-499 
size of rickettsiae, 498 
experimental infection and host range, 496-497 
Weil-Felix test, 497 
history, 493-494 
pathologic picture, 495 
“reactivation” phenomenon, 503-504 
serologic reactions, 92 
soluble antigens of, 87 
treatment, 500-501 
intravenous therapy, 500 
metaphen, 500 
para-aminibenzoic acid, 495 
penicillin, 500 
sulfanilimide, 500 
sulfapyradine, 500 


Rivers-Li in experiments with vaccinia 
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Rocky Mountain spotted fever—(Continued) 
vectors, Argas americanum, 503 
Argas cajennense, 503 
Dermacentor andersoni, 493, 502 
classification, 502 
Dermacentor occidentalis, 503 
Dermacentor parumapertus, 503 
Dermacentor variabilis, 502 
Haemaphysalis laporis-palustris, 502-503 
Roentgenograms, in pneumonia, primary 
288, 292 
Roentgenotherapy, for 
simplex, 389 
Rose rash of infants. See Exanthem subitum 
Roseola, epidemic. See Rubella 
infantilis. See Exanthem subitum 
infantum, See Exanthem subitum 
subitum. See Exanthem subitum 
Rételn. See Rubella 
Rotheln. See Rubella 
Rubella, 376-379 
etiology, 378 
clinical picture, 376-377 
effect on child in mother during pregnancy, 377 
control measures, 379 
diagnosis, 378 
epidemiology, 378 
propagation of virus in chick embryo, 378 
experimental infection and host range, 377-378 
history, 376 
pathologic picture, 377 
treatment, 378 
Rubeola. See Measles and Rubella 
Rubéole. See Rubella 
Rougéole. See Measles 
Russian autumnal encephalitis. See 
Japanese B 
Russian endemic encephalitis. See Encephalitis, Rus- 
sian Far East 
forest-spring encephalitis. See Encephalitis, 
Russian Far East 
spring or summer encephalitis. 
cephalitis, Russian Far East 
Russian spring-summer encephalitis. See Encephali- 
tis, Russian Far East 
tick-borne encephalitis. See 
Russian Far East 


atypical, 


diseases caused by herpes 


Encephalitis, 


Russian 


Russian See En- 


Russian Encephalitis, 


Sabin’s B virus of monkeys, history, 164 
St. Louis encephalitis. See Encephalitis, St. Louis 
Sandfly fever, serologic reactions, 91 
“Scabby mouth,” 542 
Scarlet fever, attack rate, secondary, 143 
Scrub typhus, 516-527 
agglutination of erythrocytes, 78 
clinical picture, 517-518 
incubation period, 517 
mortality, 518 
control measures, 526-527 
insecticides, 526-527 
prophylactic treatment of accidental infections 
acquired in laboratory, 527 
vaccines, 527 
definition, 516 
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Scrub-typhus— (Continued ) 
diagnosis, 523 
by recovering causal rickettsia, from blood of 
patient during febrile period, 523 
from tissues at necropsy, 523 
Weil-Felix test, 523 
epidemiology, 524, 525, 526 
vectors, 525 
etiology, 520-522 
antitoxin, 521 
chemotherapeutic studies, 522 
complement-fixing antigens, 
520-521 
neutralizing antibodies, development of, 521 
Rickettsia orientalis as agent, 516, 520 
Rickettsia tsutsugamushi as agent, 516, 520-523, 
520, 524 
size of rickettsiae, 520, 520 
vaccine(s), American, 522 
British, 522 
experimental infection and host range, 518-520 
history, 516-517 
military importance, 517 
pathologic picture, 518 
serologic reactions, 93 
soluble antigens of, 87 
treatment, Chloromycetin, 522, 525 
para-aminobenzoic acid, 517, 522, 523-525 
penicillin, 523 
streptomycin, 522 
sulfomamide drugs, 523 
Seasons as factor, of epidemiology of rabies, 239 
in poliomyelitis, 260-261 
in psittacosis, 345 
Sedatives, as treatment in rabies, 231 
Sedimentation constant, 35 
means of obtaining value, 38 
of nonspherical particles, 39 
of a spherical particle, 37 
Sedimentation, for determination of size and shape 
of virus, 32, 39 
rate, 35-40 
use of optical methods, 36, 37 
Sellers’ method, of laboratory diagnosis of rabies 
228-229 
Sellers’ stain, formula, 229 
Semliki forest virus, 200 
history, 164 
serologic reactions, 88 
vector, 200 
Semple vaccine, for treatment of rabies following ex- 
posure, 233-234 
Separation cell, 26 
to determine relation between virus and particles 
in a purified preparation, 40, 40 
Serologic groups of viruses, 149-150 
Serologic identity, as taxonomic criterion in virus- 
bacterium relationships, 154 
Serologic methods, for diagnosis of dengue, 451 
general discussion, 67 
Serologic reactions, in vaccinia, obtained with vac- 
cinal materials, 330 
in viral and rickettsial diseases, 67-93 
Serologic technics, in diagnosis of smallpox, 321 


preparation ol, 


’ 
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Serologic tests, for identification of viruses, 11 
with influenza virus, effect of type and strain, 307 
importance of quantitative factors, 307-308 
for mumps, 405 
Q fever, 535 
for typhus fever, 476-478 
Serology, general discussion of, 8-12 
Serum, complement-fixation tests, for measurement 
of antibody levels in influenza, 306 
immune, for poliomyelitis, 257 
for typhus fever, 479 
use in viral and rickettsial diseases, 14-15 
inhibition of hemagglutination tests, for measure- 
ment of antibody levels in influenza, 306 
neutralization test, for measurement of antibody 
levels in influenza, 306 
for propagation of viruses and rickettsiae in tissue 
cultures, 116 
17D strain of virus in yellow fever, for vaccination, 
428-429, 436 
Shape of virus, 2 
determination of, 32 
Sheep for experiments, with Rift Valley fever, 442 
with Rocky Mountain spotted fever, 497 
Shingles. See Herpes zoster 
Shope papilloma virus, Frontispiece 
Simms’ solution, for propagation of viruses and 
rickettsiae, 116 
Site, as influence in multiplication of viruses or 
rickettsiae in tissue culture, 123-124 
Sixth disease. See Exanthem subitum 
Size of rickettsiae, Q fever, 533 
scrub typhus, 520, 520 
Size of viruses, 19, 20 
anemia, infectious, of horses, 542 
B virus infection, 198 
Bwamba fever, 200 
choriomeningitis, lymphocytic, 196 
choriomeningitis, pseudo-lymphocytic, 197 
Colorado tick fever, 417 
conjunctivitis, inclusion, 366 
dengue, 450 
determination of, 2, 32 
by ultrafiltration, 30 
diseases caused by herpes simplex, 388 
encephalomyocarditis, 548 
encephalitis, Russian Far East, 193 
eastern equine, 187 
St. Louis, 172 
western equine, 183 
foot-and-mouth disease, 2009 
herpes zoster, 397 
influenza, 301 
keratoconjunctivitis, epidemic, 393 
louping-ill, 191 
lymphogranuloma venereum, 2,350 
Newcastle disease, 541 
phlebotonious fever, 457 
pneumonia virus of mice, 3 
poliomyelitis, 253 
psittacosis, 342 
psittacosis-lymphogranuloma group, 337 
rabies, 225-226 
Rift Valley fever, 443 
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Size of viruses—(Continued) 
smallpox, 320 
swineherd’s disease, 198 
vaccinia, 328 
varicella, 397 
West Nile virus, 199 
yellow fever, 428 
Size and shape, of bacterial viruses, 148-149 
Size and shape of rickettsiae, Rocky Mountain spotted 
fever, 498 
typhus fever, 474, 474 
Sleeping sickness. See von Economo’s disease 
Smallpox, 314-325 
clinical picture, 315-316 
complications, 316 
variations in mortality in epidemics, 316 
varioloid, 316 
control measures, 323-325 
of American Public Health Association, 323-324 
vaccine, allergic response, 324 
preparation, 324 
reactions of human beings, 324 
diagnosis, 320-322 


South African tick-bite fever—(Continued) 

history, 507 

pathologic picture, 508 

serologic reactions, 93 

treatment, 509 
South America, epidemiology of rabies, 238, 239 
Southern-bean-mosaic virus, Frontispiece 

diffusion constant, 35 

hydration of, 41 

isoelectric point, 53 

purification of, 25 

shape and size, 39 
Spasticity, genesis of, in poliomyelitis, 251-252 
Spotted fever, soluble antigens of, 87 
Squirrels, for experiments with psittacosis, 340 
Stain, Macchiavello’s, for rickettsiae, 474-475 
Staining technic, in micrographing, 45-46 
Staphylococci, associated with influenza, 296-297 
Staphylococcus aureus, with influenza, 297 
Staphylococcus bacteriophage, density of, 2 
Starting materials, in purification of viruses, 23-24 

rate of sedimentation, 23 
Statistics, in theory of epidemics, 138 


State Dept. of Agriculture, as agent of rabies con- 
trol, 241 
State Health Dept., as agent of rabies control, 241 
Stegomyia subgenus of mosquito as vector of yellow 
fever, 432 
Stokes’ law, 33, 35, 39 
Stomatitis, aphthous. See Gingivostomatitis, herpetic, 
acute 
catarrhal. See Gingivostomatitis, herpetic, acute 
etiology, 320 epizootic. See Foot-and-mouth disease 
relation between variola and vaccinia viruses, recurrent, 385 
320 ulcerative. See Gingivostomatitis, herpetic, acute 
Stream double refraction, general discussion, 41-42 
Streptococcus MG, agglutination test, for diagnosis 
of pneumonia, primary atypical, 292 


complement-fixation test, 321 

isolation and identification of virus, 321 

laboratory procedures, 321 

serologic technics, 321 
method of Army Medical Dept. Research and 
Graduate School, 321-322, 321 

epidemiology, 322-323 

incidence, 322, 322 

mortality rate, 322-323 


size and shape of virus, 320 
stability of virus, 320 
experimental infection and host range, 318-319 
calf and rabbit, 319 experiments with, in pneumonia, primary atypical, 
chorio-allantoic membrane of embyonated eggs, 291-292 
319 Streptomycin, for scrub typhus, 522 
health factor, 8 for typhus fever, 478-479 a 
history, 314-315 Striimpell’s disease. See Meningoencephalitis, acute 
pathologic picture, 316-318 primary hemorrhagic 
cytoplasmic and intranuclear inclusions, 318 fluid, in propagation of viruses and 
death, 316 rickettsiae in tissue cultures, 119-120 
lesion(s), associated, 317 solid or semisolid, in propagation of viruses and 
specific, 317 rickettsiae in tissue cultures, 116-119 
pustular eruption, 375 Sulfanilimide, for Rocky Mountain spotted fever, 500 
treatment, 322 Sulfapyridine, for prevention of bacterial contamt- 
vaccination, 1 nation in tissue culture, 115 
Smallpox, vaccination, reaction to, 324 for Rocky Mountain spotted fever, 500 : 
Smith and Theiler, experiments with yellow-fever Sulfathiazole, for conjunctivitis, inclusion, 36 
virus, 125 for lymphogranuloma venereum, 353 
South African tick-bite fever, 507-509 Sulfonamides, for conjunctivitis, inclusion, 367 
clinical picture, 507-508 for herpes zoster, 399 ; 
control measures, 509 ai hs eo et venereum, 353 
iti or poliomyelitis, 
ge ee a6 for oreven iG of bacterial contamination in tissue 


i i culture, 115 
epidemiology, 509 et 
etiology, 508 for scrub typhus, 523 


Dermacentroxenus rickettsi, var. pijperi as agent, for trachoma, 363 : 
508 for typhus fever, 478 


experimental infection and host range, 508 for varicella, 399 


Substrates, 
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Sulfonamides— (Continued) 

use in viral and rickettsial diseases, 15 
Summer encephalitis. See Encephalitis, Japanese B 
Susceptibility, community, in epidemics, 131 
Svedberg equation, 39 
Svedberg ultracentrifuge, 26 
Swineherd’s disease, 197-198 

clinical picture, 197 

history, 164 

serologic reactions, 88 

size of virus, 198 

vector, 198 


T. coli bacteriophage, electron micrograph, 47 
purification of, 25 
Tabardillo. See Typhus fever 
Temperature, as influence in multiplication of viruses 
or rickettsiae in tissue culture, 123 
Tests. See individual names 
Theiler and Smith, experiments with yellow-fever 
virus, 125 
Theory, of fluctuating virulence, test of, 140 
Thermal death point, 61 
Thermal inactivation of viruses, 60, 61-62, 61 
Threshold density, in theory of epidemics, 138 
Thwarter-ill. See Louping-ill 
Tick(s), dog, (Rhipicephalus sanguineus), as vector, 
of beutonneuse fever, 505-506 
as vectors of Q fever, 535-536 
as vectors of viral and rickettsial diseases, 12-13 
Tick-bite rickettsioses, in India, 512 
in Russia, 512-513 
Dermacentor nuttalli as vector of “tick typhus” 
in Siberia, 512-513 
diagnosis, Weil-Felix test, 513 
Tiselius apparatus, for electrophoresis experiments, 
52-53, 52 
Tissue(s), biologic activity of, as influence in multi- 
plication of viruses or rickettsiae, 122-123 
primary changes induced by viruses, 6 
quantity of, as influence in multiplication of viruses 
or rickettsiae, 123 
Tissue cultures, for propagation of viruses and 
rickettsiae, 114-126 
kinds of, 115 
use of embryonic extracts, 116 
use of plasma, 115-116 
use of salt solutions, 116 
Simm’s, 116 
Tyrode’s, 116 
use of serum, 116 
Titers, of cold hemagglutinins, 83 
Tobacco-mosaic virus, Frontispiece 
amino-acid analysis of, 56-57 
calculation of size, 39-40 
density of, 2 
diffusion of, 34-35 
diffusion constant, 35 
discovery of, 18 
disintegration by urea, 61 
electron micrograph, 47, 48, 57 
fractionation of, 29 
purified product, 28 
intrinsic viscosity, 41 
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Tobacco-mosaic virus—(Continued) 
isoelectric point, 53 
isolation of, in crystalline form, 19 
method of purification, 27 
purification of, 21, 22 
sedimentation of, 38-39, 38 
shape and size, 32 
size determined by X-ray diffraction, 49-54, 50 
specific reaction rate for disintegration of, 60 
stream double refraction of, 42, 43 
ultrafiltration of, 30 
Tobacco necrosis virus, purification of, 25 
Tobacco ring spot virus, purification of, 25 
Tollwut. See Rabies 
Tomato-busy-stunt virus, crystals, by differenti 
centrifugation, 24, 26 
diffusion coefficient, 35 
electron micrograph, 47, 47 
isoelectric point, 53 
shape and size, 39 
determined by light scattering, 51 
size determined by X-ray diffraction, 49-50 
Toxicity of viruses, 7 
Toxins, associated with rickettsiae and viruses, 85 
clinical and pathologic manifestaticns, 85-86 
nature and importance of, 86 
specificity of antibodies, 85 
typhus, 84 
viral and rickettsial, general discussion, 84-86 
Tracheotomy, for poliomyelitis, 258-259 
Trachoma, 358-368 
classification of virus, 368 
clinical picture, 359 
compared with inclusion ccnjunctivitis, 358 
control measures, 363 
diagnosis, 362 
elementary bodies, 360, 361 
epidemiology, 363 
etiology, 360, 362 
experimental infection and host range, 359-360 
history, 358-359 
incidence, 358 
pathologic picture, 359 
treatment, 362-363 
penicillin, 363 
sulfonamides, 363 
Tissue cultures, Li-Rivers type, for psittacosis virus 
342 
Maitland type, for lymphogranuloma venereun 
Virus, 350 
for psittacosis virus, 342 
Miyagawa method, for lymphogranuloma _vener. 
eum virus, 350 
roller-tube technic, for lymphogranuloma venereum 
virus, 350 
Zinsser-FitzPatrick type, for 
venereum virus, 350 
for psittacosis virus, 342 
Toxic reactions, in experimental animals, from in- 
fluenza A and B virus strains, 305 
Toxin tests, for lymphogranuloma venereum, 351-352 
Transmission of Viruses, 12-13 
Treatment of viral and rickettsial diseases, 13-16 
Tremblante dy mouton, la. See Louping-ill 


lymphogranuloma 
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Trembling-ill. See Louping-ill 
Trench fever, 543-544 
clinical picture, 543 
etiology, Pediculus humanus, var. corporis, as vec- 
tor, 544 
military importance, 543 
Triatoma sanguisuga, as possible vector of western 
equine encephalitis, 185 
Trinidad, epidemiology of rabies, 238-239 
Trombicula akamushi as vector of scrub typhus, 525 
Trombicula deliensis as vector of scrub typhus, 525 
Tryptophane, requirement of, in virus-bacterium re- 
lationships, 152, 154, 157 
Tsutsugamushi disease. See Scrub typhus 
T system, of biologic classification, of bacterial vi- 
ruses, 148 
Typhoid fever, confused with typhus, 463 
Typhus, endemic. See Murine typhus 
epidemic, complement-fixation test for diagnosis 
of, 74 
serologic reactions, 92 
soluble antigens of, 87 
flea. See Murine typhus 
mite-borne. See Scrub typhus 
murine (flea-borne). See Murine typhus 
rat. See Murine typhus 
rural. See Scrub typhus 
scrub. See Scrub typhus 
tick, North Queensland. See North Queensland tick 
typhus 
toxins, 84 
tropical. See Scrub typhus 
urban or shop, of Malaya. See Murine typhus 
Typhus exantematico. See Typhus fever 
Typhus exanthematique. See Typhus fever 
Typhus fever, 462-482 
agglutination by sera, 477-478 
antibodies, complement-fixing, 477 
clinical picture, 464-469, 464, 465, 467 
complications, 467-468 
fatality, 467, 468, 480 
incubation period, 464 
confused with typhoid, 463 
control measures, 481-482 
of American Public Health Association, 481 
delousing, by heat, 482 
by DDT, 482 
immunization, 481-482 
vaccine, Cox-type, 481-482 
definition, 462 
diagnosis, 476-478 
differential, 476 
isolation of Rickettsia prowazeki, 478 
epidemiology, 479-481 
statistics, for Cairo, Egypt (1943-1944), 480 
for Naples (1943-1944), 480 
etiology, 473, 474-475 
Rickettsia prowazeki, 470-471, 474-476, 480-481 
size and shape of rickettsia, 474, 474 
experimental infection and host range, 470-474 
history, 462-464 
incidence, 479 
pathologic picture, 469, 469 
serologic tests, 476 
neutralization, 478 


Typhus fever—(Continued) 
serologic tests—(Continued) 
opsonic, 478 
precipitin, 478 
Weil-Felix, 476-477 
treatment, 478-479 
immune sera, 479 
importance of nursing, 478 
para-aminobenzoic acid, 479 
vector, Pediculus humanus capitis, 470 
Pediculus humanus corporis, 470 
with war and famine, 463 
Typhus historique. See Typhus fever 
penicillin, 478 
streptomycin, 478-479 
sulfomamides, 478 
Tyrode’s solution for propagation, of influenza virus, 
301 
of measles virus in chick-embryo tissue, 372-373 
of viruses and rickettsiae, 116 


Ultracentrifugation, general discussion, 32-42 
Ultracentrifuge, for determination of density of 
virus, 36, 37-38 
Svedberg, 26 
Ultrafiltration, for purification of viruses, 30 
for size of viruses, 30 
Ultramicroscope, in study of bacterial viruses, 148 
Ultraviolet irradiation, of fixed virus, for immuniza- 
tion in rabies, 234 
United States, epidemiology of rabies, 236-238 
epidemics of typhus fever, 486 
United States Army, diagnostic test for influenza, 
79-80 
U. S. Fish and Wildlife Service, as agent of rabies 
control in wild animals, 241 
Urea, use in disintegration of tobacco-mosaic virus, 
61 


Vaccination. See also Control measures under spe- 
cific diseases 
of dogs, for control of rabies, 241-242 
encephalitis, postinfection, 205 
human, for rabies, Pasteur strain of fixed virus, 
ve 
with inactive viruses and rickettsiae, 11 
_for influenza, 310-311 
response of human beings to, 75 
for Rocky Mountain spotted fever, 504-505 
Vaccination, for smallpox, reaction to, 324 
smallpox, 1 
for yellow fever, 436-438 
use of 17D strain of virus, 428-429 
Vaccine(s), American, for scrub typhus, 522 
British, for scrub typhus, 522 
Cox-type, for typhus fever, 481-482 
influenza, commercial production of, 27 
for scrub typhus, 527 
Semple, for rabies, 233-234 
for smallpox, preparation of, 324 
reactions of human beings to, 324 
as treatment for rabies, following exposure, 231-235 
preparation of, 232-234 
reactions to, 234-235 
initiated by Pasteur, 215 
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Vaccine virus, Frontispiece 
antigenic structure of, 76-77 
density of, 2, 38 
Vaccinia, 325-333 
agglutination of erythrocytes, 78 
characteristics of, 3 
clinical picture, 325 
control measures, 333 
electron micrograph of virus, 46, 47 
epidemiology, 333 
etiology, 326-333 
elementary bodies, biologically active substances, 
329 
chemical constituents, 329 
inactivated by radiation, 333 
nature and constituents of surface, 328-329 
factors affecting growth of vaccine virus and 
lesions, 331-332 
immunologic relation between vaccinia and va- 
riola, 329-330 
LS antigen, in elementary bodies, 330-331, 330 
NP antigen in elementary bodies, 331 
preparations of vaccine virus, 327 
quantitative correlation of elementary bodies and 
infective units, 327 
serologic reactions obtained with vaccinal ma- 
terials, 330 
size of virus, 328 
use of electron microscope, 328 
experimental infection and host range, 325-326 
flocculation of virus, 75 
hemagglutinins of, 81 
history, 325 
neutralization test, 70-71 
pathologic picture, 325 
serologic reactions, 89 
soluble antigens of, 86 
treatment, 333 
and variola, relation of viruses, 320 
virus, experiments of Rivers and Ward, 125 
experiments with Rivers-Li medium, 125 
purification of, 27 
size of, 32 
stability of, 332 
work of Rivers’ laboratory, 3 
Variation, seasonal, in epidemics, 136 
Varicella, 395-399 
clinical pictures, 396 
incubation period, 396 
control measures, 399 
definition, 395 
diagnosis, 398-399 
epidemiology, 399 
etiology, 397-398 
size of virus, 397 
experimental infection and host range, 397 
health factor, 8 
history, 395 
pathologic picture, 396-397 
treatment, 399 
penicillin, 399 
sulfonamides, 399 
X-ray therapy, 399 
virus of, and cellular changes in human epidermis, 
896 
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Varicella-herpes zoster group of diseases, 395-399 
Variola. See also Smallpox 
agglutination of erythrocytes, 78 > 
etiology, immunologic relation between vaccinia 
and variola, 329-330 
serologic reactions, 89 
and vaccinia, relation of viruses, 320 
Variolation, 10 
Varioloid, 316 
Vector(s), boutonneuse fever, 505-506 
California (Hammon-Reeves) virus, 200 
dengue, 445, 446, 446, 449-452 
encephalitis, eastern equine, 188 
Japanese B, 179-180 
Russian Far East, 194 
St. Louis, 174-175 
Venezuelan equine, 189 
western equine, 185 
louping-ill, 192 
lymphocytic choriomeningitis, 196-197 
murine typhus, 483, 484 
phlebotomus fever, 454, 458-460 
poliomyelitis, 263 
Q fever, 535-536 
rabies, 235-239 
rickettsialpox, 510-511 
Rocky Mountain spotted fever, 493, 502-503 
scrub typhus, 525 
Semliki forest virus, 200 
swineherd’s disease, 198 
“tick typhus” in Siberia, 512-513 
trench fever, 544 
typhus fever, 470-471, 474-476, 480-481, 483-485 
viral and rickettsial diseases, 12-13 
yellow fever, 420-422, 427-428, 432-435 
Venereal disease, fourth. See Lymphogranuloma 
venereum 
relation to lymphogramuloma venereum, 346-347 
sixth. See Lymphogranuloma venereum 
Verrucae, 542-543 
Viral diseases, general discussion of, 1-16 
serologic reactions, 67-93 
Virulence, of chemically modified virus, 59 
fluctuating, theory of, test of, 140 
Viruses, chemical procedures, 54-62 
common sources of, for in-vivo tests, 88-93 
definition of, 4-5 
materials, characterization of, 30-62 
origin of word, 214 
physical procedures, 18-54 
Virus-neutralization test, for 
spotted fever, 499 
Virus-serum mixture, inactivity O11) 
neutrality of, 12 
Viscosity, definition, 40 
general discussion, 32-42 
intrinsic, 41, 42 
measurement of, 40-41 
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War, association with typhus fever, 463 
importance of scrub typhus, 517 
importance of trench fever, 543 

Ward and Rivers, experiments With 

125 


vaccinia virus, 
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Warts, 542-543 
Water, as transmitter of viral and rickettsial diseases. 
13 
Weil-Felix test, for boutonneuse fever, 507 
for North Queensland tick typhus, 511-512 
for Rocky Mountain spotted fever, 499 
experimental infection, 497 
for scrub typhus, 523 
for tick-bite rickettsioses in Russia, 513 
for typhus fever, 476, 477 
West Nile virus, 199-200 
history, 164 
serologic reactions, 88 
size of, 199 
Wood tick (Dermacentor andersoni), as cause of 
Colorado tick fever, 416, 418 
as vector of Rocky Mountain spotted fever, 493 
Wounds, in rabies, local treatment, 231-232 
Wvyeomyia virus, 201 


Xenopsylla cheopis (rat flea), as vector of murine 
typhus, 483, 484 
X-ray diffraction, to determine size of viruses, 48-51 
X-ray therapy, for herpes zoster, 399 
for varicella, 399 
X-virus (latent mosaic of potatoes), Frontispiece 


Yellow fever, 420-438 
Aédes aegypti as vector, 420-422, 427, 432-435 
Aédes genus of mosquitoes as vectors, 420 
clinical picture, 422-423 
incubation period, 422 
mortality, 423 
control measures, 435-438 
breeding, 435-436 
DDT spray, 436 
insecticides, 436 
vaccination, 436-438 
French neurotropic strain, 436 
mass, 438 
method, 437-438 
17D strains, 436 
definition, 420 
diagnosis, 430-431 
laboratory procedures, 430-431 
demonstration of development of specific anti- 
bodies, 431 
isolation of virus, 430-431 
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Yellow fever— (Continued) 
diagnosis— (Continued) 
laboratory procedures (Continued) 
pathologic examination of liver in fatal cases, 
431 
discovery of virus, 18 
epidemiology, 432-435 
incidence, in Africa, 432 
in North America, 432-433 
in South America, 432-434 
jungle type, 432 
urban aegypti-transmitted type, 432-433 
etiology, 428-430 
antibodies, 429 
intraperitoneal, 429 
modifications, 429-430 
protection tests, intracerebral, 430 
Asibi strain, development of, 428 
complement-fixation reaction, 430 
cultivation of virus in tissue culture, Maitland 
type, 428 
lability of virus, 428 
17D strain, for vaccination, 428-429 
size of virus, 428 
experimental infection and host range, 425-428 
Aédes aegypti, multiplication of virus in, 427 
as vector, 427 
difference in affinities of various strains, 425 
rhesus monkey, 424 
history, 420-422 
jungle type, endemic, 434 
epidemic, 434-435 
“key center” theory, 421 
pathologic picture, 423-425 
inclusion bodies, 424 
lesions, in liver, 423-424 
in rhesus monkeys, 424-425 
serologic reactions, 91 
treatment, 431-432 
virus, experiments of Theiler and Smith, 125 
Yellow Fever Commission, 421 
Yellow Fever Research Institute in Uganda, 443 


Zinsser’s agar-slant cultures, 119 
Zinsser-FitzPatrick tissue cultures, for lymphogranu- 
loma venereum virus, 350 
for psittacosis virus, 342 
Zona. See Herpes zoster 
Zoster. See Herpes zoster 
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